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1.  Association  of  Nuclear  lasting  to  the  Develc^nent  of 


The  objectives  of  the  investigation  of  the  aissociation  of 
nuclear  weapon  testing  to  the  developnent  of  leukemia  have  been 
oonideted.  These  objectives  as  outlined  in  last  year's  Annual 
Report  were; 

a.  ito  confirm  or  reject  the  26  possible  cases  identified 
by  GDC  or  AFIP  as  having  been  present  at  the  test  shot  and 
subsequently  having  develcped  leukemia. 

b.  Tb  initiate  a  broad  retrieval  of  leukemia  cases  from 
data  bases  avzd.lcd>le  to  the  military  to  identify  cases  that 
mi^t  have  been  at  the  test  shots. 

c.  Tto  assess  the  available  data  and  make  reocmnendations 
for  further  investigations,  if  necessary. 

Oonf innation  of  the  26' possible  cases.  A  case  was  confirmed 
if  the  individual  was  present  at  the  test  site  (his  name  was 
on  the  Smoky  list)  euid  he  had  docianented  leukemia  following 
the  test  shot. 

Attenpts  at  confirmation  of  the  original  case  and  the  nine 


possible  cases  identified  by  Dr.  Caldwell  of  CDC  were  done  by 
referral  to  a  list  of  persons  receiving  film  badges  at  the  tine 
test,  Ftor  oonfirmation  it  had  to  be  demonstrated  that 
the  social  security  account  nurrber  (SSAN)  of  the  possible  case 
was  the  SSAN  that  belonged  to  the  individual  identified  by 
service  nuiber  on  the  Smoky  list.  The  assistance  of  the  National 
Personnel  Records  Center  and  the  Veterans  Administration  was 
necessary  in  order  to  convert  service  nmters  to  SSAN's.  The 
diagnosis  v««s  confirmed  by  referral  to  the  military  or  civilian 
treatment  facility  or  by  V7V  files. 

Diagnosis  was  already  documented  for  the  16  possible  rases 
identified  by  the  AFIP.  The  presence  of  an  individual  at  Test 
Shot  anoky  vas  confirmed  by  demonstrating  tliat  the  identity  of 
a  person  in  the  AFIP  leukemia  file  ard  a  person  on  the  Shoky 
list  were  the  same.  Proof  of  identity  was  the  demonstrat-lon 
that  the  SSaw  or  VA  claim  number  of  the  AFIP  case  was  the  sane 
as  that  assigned  to  the  person  on  the  Smoky  list.  This  was 
agziin  done  by  referral  to  the  National  Personnel  Records  Center 
or  the  Veterans  Administration. 


Retrieval  of  dato  for  additicnal  cases.  An  attempt  was 
made  to  identify  all  cases  of  leukemia  in  military  hospitals 
and  in  central  registries  available  to  the  militaiy,  that  miAt 
have  been  at  test  shot  Smcky. 


RESULTS 


Confirmaticn  of  the  26  possible  cases.  Of  the  9  possible 
cases  r^rted  by  CEC  plus  <he  original  case,  5  are  not  on  the 
anoky  list.  (Sie  other  proved  not  to  have  had  leukemia.  Four 
were  docvmaited  as  having  been  at  the  test  and  later  having 
developed  leukemia. 

Of  the  16  passible  cases  from  the  AFIP  files,  throu^  linkage 
of  the  Smoky  list  with  the  military,  VA,  and  civilicin  sources 
it  was  shcMn  that  13  of  them  had  not  been  present  at  the  test. 

One  other  proved  to  be  un traceable.  TVoo  were  document^  as 
having  been  at  the  test. 


_ Retriwal  of  data  for  c>dditional  cases.  Ihe  results  of  the 

reguests  for  informatiOTi  fram  various  data  sources  follow: 

a.  IPDS-IMR  -  Printed  and  magnetic  tape  lists  of  leukemia 
cases  reported  to  IPDS  frcm  1963  to  the  present  were  received. 


Ihe  period  1963-1970  used  either  service  nutter  or  hospital 
register  nutters  as  identifiers.  Ute  list  for  1971-1977  used 
socied.  security  nutters.  There  v«re  941  reported  cases  of 
leukemia  in  2tctive  duty  or  retired  male  Am^  personnel  who  were 
17  yezurs  of  age  or  greater  in  1957.  The  data  on  hand  has  been 
updated  etnd  now  includes  data  frcitt  1951  to  the  preset. 

Resources  to  convert  large  nutters  of  service  nutters  to  social 
security  nutters  are  not  avail^tble. 

b.  CHAMPUS  -  After  an  initial  agreement  to  provide  informa¬ 
tion,  leged  counsel  at  Office  of  CHAMPUS  determined  that  such 
action  did  not  corply  with  the  Privacy  Act,  No  data  was  s&tt. 

c.  Amy  Medical  Center  Tutor  Registries  -  All  of  the  tumor 
registries  submitted  the  requested  data.  There  were  a  total  of 
411  leukemia  cases  reported  in  active  duty  or  retired  male  Anty 
personnel  who  were  17  years  of  age  or  greater  in  1957.  Three 
of  the  previously  identified  cases  were  found,  but  no  new  oases 
were  discovered. 

d.  Armed  Poroes  Central  Medical  Registry  -  This  registry 
sent  a  list  containing  134  ceees  of  leukemia  in  active  duty  or 
retired  male  Amy  personnel  who  vould  have  been  17  years  of  age 
or  greater  in  1957.  None  of  these  Ccises  V(«re  on  the  Smoky  list. 

ASSESS^€KT  OF  THE  DATA  -  Six  cases  of  leukemia  have  been  identi- 
f red  in  persons  on  the  Smoky  list.  Six  cases  can  be  oorpared 
to  a  predicted  incidence  of  2.24  cases  with  a  predicted  range 
due  to  chance  variation  of  0.46  to  6.88  cases.  The  predicted 
incidence  was  based  upon  findings  of  the  Third  National  C^uv3er 
Survey.  The  predicted  reuige  was  based  on  the  Poisson  distribu¬ 
tion  with  95  percent  confidence  limits. 

DISCUSSION 


There  are  serious  limitations  to  the  data  that  are 
presented  in  this  report.  EstiiMtes  of  the  population  at  risk 
have  veuried  frcm  2235  to  3143  depending  on  the  criteria  that 
are  used  to  determine  presence  at  the  test  site.  The  film  badge 
list  (3143)  is  considered  more  complete  than  the  morning 
report  figures  (2235)  but  the  accuracj’  of  either  is  not  )uKMn. 
Obviously  rates  based  on  inaccurate  dencminator  populations  Cctn 
only  be  rough  estimates. 


The  expected  nurter  of  cases  of  leukemia  in  the  group  was 
generated  by  estinating  the  ages  of  those  on  the  list  based  on 
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their  rank  and  then  applying  the  Third  Naticf>^I  Cancer  Survey 
rates  to  this  gtov;^).  This  assunes  accuracy  of  both  the  age 
estination  by  rank,  and  extrapolating  rates  frcm  the  general 
population  to  a  military  populaticwi. 

Perhaps  the  most  serious  limitations  of  the  data  are  the 
problems  of  enumerating  cases.  If  the  data  sources  available 
to  the  military  were  complete  it  is  estimated  that  cxily  15  to 
20  percent  of  those  persons  in  the  military  in  1957  \^uld  have 
been  treated  in  a  military  medicad  facility  at  the  time  they 
mi^t  have  developed  leukemia  and  thus  be  included  in  the 
registries  and  data  bases  exaimined.  The  IPDS-IMR  data  is  not 
identified  by  name  and  thus  this  relatively  large  source  was 
not  available  and  further  limited  the  proportion  of  total  cases 
that  would  be  identified  in  military  records.  Of  those  data 
that  were  used  the  individual  tumor  registries  of  the 
Amy  Msdiced  Center  treatment  facilities  represent  the  most 
efficioit  way  to  develop  data  about  the  cases.  Uhforti^tely  the 
referred  policies  are  not  standardized  and  the  registries  are 
inconplete. 

Since  there  is  no  evidence  that  the  total  nunber  of  cases 
of  leukemia  have  been  enunerated  (the  media  covera<^  of  CDC, 
althou^  extensive  cannot  be  considered  cdl  inclusive)  ai^  tte 
6  identified  approach  significance,  further  investigation 

is  necessary. 


ADDENDA 

Several  mcaiths  after  oonpletion  of  the  investigaticxi  a 
search  of  the  VA  death  benefits  claim  file  by  CDC  revealed  an 
additicxial  leukemia  case  v^io  wets  confirmed  as  being  at  Test 
Shot  Smoky. 

An  additional  attaipt  was  made  to  find  new  cases  by  computer 
natching  of  service  numbers  of  all  leukataa  cases  in  the  IMR 
file,  1963-1970,  with  service  numbers  on  the  roster  of  Test 
Shot  SRbky.  No  new  ceises  were  found. 

The  AFTP  had  generated  a  list  of  47  name  matches  from  a 
list  of  5370  participants  at  1951  Nuclear  Exercises.  It  was 
decided  to  take  a  prelimineuy  look  at  these  matches  to  verify 
if  they  had  been  participants  at  the  test  shots.  The  following 
steps  were  taken: 

a.  18  of  the  47  cases  were  found  to  be  errors  in  matching 


'.id 


and  were  excluded,  cne  case  vas  a  dependent  wife  of  an  Air 
Force  nesttex  and  too  young  to  have  been  in  the  Amv  in  1951  euxl 
was  excluded. 

b.  Of  the  remaining  28  AFIP  case  records  26  had  service 
nuvbers  vAiich  did  not  match  service  nunbers  of  participants  in 
the  1951  list  (2  of  the  cases  had  no  service  nunber  recorded) . 
Further  investigation  vas  undertaJcen  to  verify  the  initial 
inpressicn  that  none  of  the  AFIP  cases  were  at  the  1951  tests. 

c.  14  of  the  28  cases  had  dates  of  service  recorded  in  W. 
(Veterans  AAninistration)  files,  which  excluded  them  (e.g.  leaving 
the  service  in  1927) .  VA  records  cilso  verified  three  service 
nuvbers  of  cases  and  the  numbers  did  not  natch  those  of  the 

1951  tests  participants. 

d.  IWo  cases  vrere  civilicins  who  had  died  from  leukemia  at 
civilian  hospitals  with  no  record  of  military  service.  Al ♦■hough 
it  is  suspected  that  these  cases  were  not  at  the  1951  tests,  it 
cannot  be  proven. 

e.  The  nine  remaining  cases  were  sent  to  the  National  Records 
Depository  at  St.  Louis,  MD.  Records  on  four  of  the  cases  show 
them  to  have  service  dates  which  exclude  them  as  possible  parti¬ 
cipants.  There  are  no  records  for  the  last  five  cases.  Those 
records  are  thought  to  have  been  lost  in  the  fire  of  1969. 

f.  Thus  40  of  the  47  AFIP  name-natched  cases  were  shewn 
not  to  have  been  involved  with  the  1951  test  shots.  It  is  very 
unliJeely  that  the  remaining  seven  were  involved. 

Since  the  1951  roster  was  available  cuxi  we  had  generated 
lists  of  leukemia  cases  from  the  Medical  Center  Tumor  files 
this  source  of  cases  was  also  investigated.  There  was  only  one 
individual  contained  in  the  Timor  files  that  was  also  on  the 
list  of  participants. 

2.  Absence  of  Antibody  to  Poliovirus  Types  in  Basic  Combat 

Trainees 

This  study,  which  v«s  reported  in  part  in  the  FY  1977  Walter 
Reed  Army  Institute  of  Research  (WRAIR)  Annual  Report  (Work  Unit 
130,  "Vircil  Infections  of  Man,"  and  Work  Unit  001,  "Epidemiologic 
Studies  of  Military  Diseases") ,  has  been  conpleted.  A  nanus- 
cript  dealing  with  the  investigation  has  been  accepted  for 
publication  in  the  scientific  literature  and  is  listed  at 
Literature  Cited. 


3.  Detennination  of  the  Rate  of  Occurretvire  of  Testioiiar 

Tumors  in  a  CcwrarS' 

This  study  was  r^xDrted  in  the  1976-7  Vialter  Reed  Amy 
Institute  of  Research  Annual  Report  (Work  Unit  001) .  Following 
a  review  of  all  data,  the  conclusion  stated  in  the  1976-7  Annual 
Report  (there  was  no  statistically  significant  increase  in  the 
rate  of  testicular  tumor  in  the  subgroup  of  interest)  remains 
unchanged.  All  military  reports  regarding  this  stuty  have  been 
ocmpleted  and  a  manuscript  for  publication  in  the  scientific 
literature  is  in  preparation. 

4.  Study  of  Morbidity  in  Fort  Dix  Advanced  Individual  Training 

Students 

A  stu^  was  conducted  to  look  at  the  medical  reasons  for 
Advanced  Individual  Training  (AIT)  students  missing  duty.  The 
study  was  of  cohort  design  and  conducted  among  the  AIT  students 
of  the  5th  Training  Brigade,  Fort  Dix,  NJ,  during  the  period 
10  Oct  bo  4  Dec  1977.  One  thousand  four  students  were 
followed  dvuring  the  first  21  days  of  their  training  for  occurrence 
of  illness  requiring  hospitalization  or  quarters.  Analysis  of 
illness  rates  (nuttber  of  cases  per  1000  person  days)  with  the 
use  of  the  chi  square  statistic,  revealed  several  trends. 

Illness  rates  were  hi^ier  for:  those  vho  did  not  receive 
adenovirus  vaccine  (16.8)  than  for  those  vho  did  receive  the 
vaccine  (4.18)  (p<.05);  younger  soldiers  (6.74)  oortpared  to 
older  soldiers  (4.14);  and,  early  weeks  of  training  (8.26)  com¬ 
pared  to  latter  weeks  (4.71) .  It  vas  edso  found  that  women  have 
hitler  rates  for  quarters  illness  (11.15)  than  men  (1.15) 

(p^.05),  and,  vAiites  have  hi^er  rates  for  respiratory  illness 
(7.22)  than  non-whites  (.94)  (p<.05).  There  was  no  difference 
in  illness  rates  among  different  MDS  grovps. 

5.  Injuries  IXuring  Basic  Combat  Training  (BCT)  at  Fort  Dix, 

New  Jersey 

In  conjunction  with  preventive  medicine  residency  traiining, 

M?VJ  Carver  Wiloox  conducted  a  two  week  (6-20  March  1978  )  pre¬ 
liminary  study  of  injuries  in  Fort  Dix  basic  combat  trainees. 

The  stucfy  objective  was  to  determine  the  number  and  types  of 
orthopedic  and  podiatric  injuries  incurred  during  the  seven 
week  BCT  cycle.  Data  collected  indicated  a  trend  toward  a 
peak  nunber  of  injuries  occurring  during  Week  #4  and  the 
association  of  observed  injuries  with  the  activities  of  running 
and  marching.  A  definitive  study  may  specifically  define  acti- 


vities  stixffvgly  associated  witli  injuries  and  thereby  identify 
areas  where  nodificaticffi  of  current  tradning  procedures  could 
result  in  reduced  injuries.  Such  a  study  should  take  into 
account  variations  in  climatic  conditions  and  base  line  physical 
fitness  levels  of  trainees. 

6.  Stu^  of  Medical  Processing  of  Recruits  at  the  Port  Dix 

Reception  center 

The  U.S.  Army  Training  and  Doctrine  Conmand  preposed 
decreeisinq  the  tine  spent  by  recruits  in  the  Reaction  Center. 
Therefore,  MAJ  Frcmk  Churchill,  a  preventive  medicine  resident, 
conducted  a  staff  study  to  assess  the  efficiency  of  medical 
inprocessinq  at  the  Reception  Center  in  January  1978.  After 
several  days  of  observatiojr  it  was  concluded  tlrat  medical  opera¬ 
tions  were  efficient  and  rxr  meaningful  reduction  in  the  time 
spent  in  medical  processing  could  be  effected. 

7 .  Investigation  of  Alleged  Hypotcarsion  in  an  Ocoupational  Grovp 

On  16  October  1977,  the  livvrntive  Medicine  Activity,  F'aft 
Dix,  New  Jersey,  was  alerted  by  tiie  Ctecupaticmal  HealtJi  Piiysician 
of  possible  hypotension  in  workers  at  the  Port  Dix  refri<^ration 
shop.  On  2  and  16  November  1977,  CPT  Pirilip  Lewis,  a  preveirUve 
medicine  resident  interviewd  employees  at  the  shop  and  (obtained 
blood  pressure  readings.  Analysis  of  tlie  blood  pressure  readings 
revealed  no  sicjnificcmt  differences  fiem  normal  systolic  (p^  .20) 
normal  diastolic  (p>  .40),  and  nonrnl  mean  pressure  {p>.30)  by 
Stirient  T  tests.  Apparent  differences  vere  in  the  direction  of 
hypertension.  Aivjlysis  of  variancoe  revKiled  siejnifioant  inter¬ 
patient  (p<f.005)  differences.  Investigation  of  (x»tentially 
(jangcrous  substances  uscxl  by  tloc  refriceration  s)xop  slioved  ncone 
to  cause  hypotension.  Ttiese  facts  Icoacl  to  tl\e  coonclusion  tloat 
euiy  clustering  of  miMsurenents  in  tlie  lew  rajn^  of  loormal  was 
probably  a  cheVKoe  cxrcmrrencxo . 

8.  Study  of  ^rbidity  Port  Dix 

In  cx)njuncti(jn  wiOi  prewntive  nedicii'ie  wsidency  training, 

MAJ  Frank  Churchill  stvKiied  morbidity  reporting  Iry  Port  Dix  Troop 
I'tedical  Clinics.  He  fcnuid  tliat  tJ\e  system  in  existence  in  Pebnwiy 
1978  prcxluced  ^^eeJcly  reports  wfiicii  ipve  only  tlie  total  siede  call 
attendance  and  tire  nuntx^r  of  [vitients  witlr  utr^x'r  respiratory 
cxxrplaints.  Aciditionally,  ti\eie  was  si  aixiardizcd  morbidity 
rocx>rds  keeping  system.  MAT  Quuvlrill  vatlcmptoi  to  modify  tlie 
existing  system  by  ostablisliing  staixiani  morbidity  reports 


which  gave  nvnhers  of  patients  seen  euxsoxding  to  ten  different 
diagnostic  categories  cmd  disposition  data.  Although  the 
additional  tijne  required  to  inplenent  the  modified  system  was 
estimated  to  be  only  one  man-hour  per  Troop  Nedicad.  Clinic  per 
day,  the  system  was  rejected  by  the  nursing  service  and  was 
never  fully  inplemented. 

9.  F^rile  Illness  at  Port  Canpbell,  Kentucky 

IXiring  October  1977  611  soldiers  from  the  101st  Airborne 
Division  (Air  Assault),  Port  Canpbell,  Kentucky,  pcirticipated 
in  jungle  training  exercises  at  the  Jungle  Operations  Training 
Center,  Port  Sherman,  Canal  Zone.  About  500  of  these  men  were 
from  the  1/503  Infantry  (INF)  and  the  renainder  vgere  from  a 
nurber  of  other  units  of  the  101st  Aiitome  Division.  An  ckdvance 
party  (^proximately  35  people)  departed  Port  Canpbell  on  4  October 
and  the  remainder  left  cxi  8  October.  The  entire  grovp  returned 
on  29  October.  Medical  personnel  were  not  aware  of  an  unusual 
oocurrence  of  illness  in  the  group  during  the  exercise. 

On  Friday,  4  Novenber,  a  physician  assistant  (PA)  saw  several 
patients  who  had  participated  in  the  Panama  exercise  and  who 
were  ocnpledning  of  fever  and  headache.  He  was  not  iitpressed  by 
the  severity  of  their  illnesses  and  placed  than  an  quarters.  On 
7  Novaiber  he  again  saw  these  patients  and  became  concerned  that 
three  soldiers  with  similar  febrile  illnesses  all  had  been  to 
Panama  the  preceding  month.  He  consulted  a  {bysician  and  the 
decision  was  made  to  hospitalize  all  three  men.  During  8-9 
Novaiber  njijie  other  men,  vho  also  had  been  to  Panama  during  the 
October  exercise,  were  admitted  to  the  U.S.  Amy  Hospital,  Port 
Canpbell,  with  similar  febrile  illnesses.  Since  a  diagnosis 
could  not  be  established  for  any  of  the  12  men  and  11  of  the  12 
were  from  cxie  small  unit  of  35  men,  the  326  Engineers  (EN) ,  Epi¬ 
demiology  Consultant  Service  (EPICON)  etssistance  was  requested. 

IXiring  9-12  Novenber  a  physician  from  the  Division  of  Coinnu- 
nicable  Diseases  emd  Imnunology,  Walter  Reed  Amy  Institute  of 
Reseeuxb  (WRAIR) ,  conducted  a  clinical  study  of  13  hospitalized 
patients  with  f^rile  illness  who  had  participated  in  the  Panane 
exercise  (the  one  additional  patient  was  admitted  on  10  Novenber) , 
and  collected  specimens  for  agent  isolation  and  serologic  studies. 
Ftom  10  to  16  Novenber  two  physicians  from  the  Division  of 
Preventive  Medicine,  WRAIR,  ocxiducted  an  epidemiologic  investiga- 
ticn  to: 

(1)  Determine  if  the  illness  seen  in  the  group  of  soldiers 


v)ho  xetuxned  ftan  Pemama  was  asaocia<Bd  with  outbreaks  in  other 
fbrt  Canpbell  populations. 

(2)  Determine  the  extent  of  illness  deserved  in  Port  Canp- 
bell  troops  which  might  be  related  to  ejqxssures  at  the  jmgle 
training  center  in  Panam. 

(3)  Identify  variables  associated  with  disecise. 


ME1HC06  AND  MATE31IAI£ 

Ihe  post.  Port  Campbell  is  a  U.S.  Amy  Porces  Oomrand 
instedlation  located  on  the  Kentucky-Ttennessee  border.  In  mid- 
Noventoer  1977,  21,257  soldiers  were  cissigned  to  the  post;  9,442 
dependents  lived  on  the  post;  12,459  dependents  lived  off  post; 
and,  1,714  civilictns  were  enployed  by  the  instadlation.  Seventy- 
nine  percent  of  the  military  (16,829  soldiers)  were  eissigned  to 
the  101st  Airborne  Division. 

Study  of  hospitalized  cases.  Histories  were  detained  and 
physical,  examinations  were  performed  on  the  13  admitted  patients. 
Specimens  were  collected  for  serologic  studies  and  attenpts  at 
agent  isolation. 

Epidoidologic  studies.  A  questionnaire  for  physicicuis  and 
PAs  was  ooTStructed  to  determine  the  incidence  of  simileu:  ill¬ 
ness  anmg  troops  and  civilians  at  Fort  Canpbell.  Also,  PAs 
acoonpanying  previous  Panane  exercises  were  interviewed  regarding 
illness  in  previous  Panama  cohoirts. 

The  hospital  emergency  room  log  was  reviewed  for  the  period 
25  Septeirber-13  November  1977.  All  weekend  visits  and  weekday 
visits  occurring  from  1600  to  0700  were  tabulated  for  active 
duty  members  and  for  dependents.  (Weekday  visits  between  0701 
and  1559  were  not  tabulated  because  the  emergency  room  euccepted 
clinic  overflew  during  normal  duty  hours  and  variables  aissociated 
with  this  procedure  were  not  identified.)  Visits  for  illness 
were  categorized  according  to  disposition  diagnoses  (respiratory, 
gastrointestinal,  and  other) . 

Attendance  logs  at  five  of  six  101st  Airborne  Divisicxi 
troop  mediced  clinics  (ITCs)  were  studied  for  the  period  26 
September-11  November  1977.  Visits  for  gastrointestinal  diseeise, 
ipper  respiratory  infection  (URI)  -  cold,  URI  -  influaiza,  and 
re^iratory  -  other  were  tabxilated  using  disposition  diagnoses. 


Records  frcro  the  TMC  serving  the  1/503  INF  were  not  available, 
but  the  log  of  the  battalion  eiid  station  used  by  this  unit  vas 
reviewed  for  the  period  1  S^)tenfcej>-14  Novarber  (exclvding  the 
period  the  groi^  was  in  Panama) . 

During  the  period  14-22  Novenber  all  available  soldiers 
vbo  had  participated  in  the  October  1977  Panama  exercise  (270) 
were  requested  to  conplete  a  questionnaire  which  asked  the 
follxwing:  (1)  demogrz^bic  data;  (2)  the  occurrence  of 
illness  during  the  two  wee)<s  prior  to  going  to  Panama,  while 
in  Panama,  and  after  returning  from  Panama;  and,  (3)  esqnsures 
while  in  Panama.  Soldiers  were  as)ced  if  they  were  ill.  If 
they  responded  "yes,"  they  were  asked  to  check  their  synptans 
C3n  a  synptom  list  and  to  soore  their  synptoms  on  a  scale  of 
1  to  4  (4  being  the  most  severe) .  This  synptom  list  was  based 
vpon  the  synptoms  csbserved  in  the  13  hospit2dized  patients. 
Anyone  having  a  score  of  two  or  more  cmi  ary  two  of  the  nine 
synptoms  listed  was  counted  as  being  ill.  (This  criterion  for 
illness  was  the  minimun  critericai  vhich  would  have  icJentified 
edl  13  hospitalized  patients  as  having  been  ill) . 

Serologic  survey.  In  De(;enber  1977  serum  specimens  were 
^tained  from  all  Port  Canfbell  troops  who  had  pEurticipated 
in  the  October  1977  Panana  exercise  and  who  were  present  on 
the  post. 


RESULTS 

Stufy  of  hospitalized  cases.  Ages,  ranks,  and  units  for 
all  13  hospitalized  men,  and  dates  of  cxiset  of  synptoms  and 
hospitalization  for  12  are  given  in  Table  1.  Patient  1  pre¬ 
sented  on  21  October  (while  in  Panane)  with  a  two-day  history 
of  fever  and  stomach  pain.  He  was  hospitalized  in  the 
Zcxie  and  later  was  admitted  to  the  Fort  Campbell  hospital 
(7  November) .  TV^lve  of  the  patients  were  members  of  the  326 
and  one  was  from  the  1/503  INF,  Ocmpany  C. 

Synptoms  for  the  men  from  the  326  EN  are  suimarized  below: 


Synptoms  (N=12) 

%  with  spec 

Heaciache 

100% 

Malaise 

100% 

^yal9ias 

92% 

Stiff  neck 

92% 

Chills 

84% 

"45 


Arthr2dgia 

84% 

Nausea 

67% 

Di^uThea 

58% 

Abdominal  cranps 

58% 

Sore  throat 

58% 

Vomiting 

50% 

Gough 

50% 

Physical  exam  findings  for  these  12  engineers  were:  heeding 
insect  bites  (92%);  lynphadenc^thy  (33%);  frfiaryngitis  (33%); 
and  nuscle  tenderness  (25%) .  Mean  naxinal  tenperature  in  this 
grcxp  (as  of  the  morning  of  11  November)  was  102®F.  Laboratory 
data  were  unreincu:)cable  except  for  one  man  having  a  questionably 
abnormal  chest  film  and  33%  having  at  leaist  one  ctbnormal  liver 
function  study.  Liver  function  test  abnomalities  were  mild 
(t>ro  had  em  elevated  alkaline  phosphatase,  two  had  an  elevated 
LDH,  and  one  had  an  elevated  total  bilirubin) . 

Agent  identification  emd  serologic  studies.  Cultures  for 
bacteria  were  negative  for  pathogenic  orgcUiismB.  Several 
attenpts  at  isolating  a  virus  were  unsuccessful.  At  one  time 
it  weis  thought  that  a  plaque-forming  agent  was  present  in  seme 
specimens  but  this  was  never  substantiated.  Blood  smears  were 
negative  for  malaria  and  no  ova  or  parasites  were  found  in 
stool  specimens.  Serologic  tests  for  selected  rickettsial, 
leptospiral,  and  viral  agents  were  negative.  Other  serologic  results 
the  illness  observed  in  most,  if  not  all,  of  the  hospitalized 
soldiers  resulted  from  infection  by  Histoplasma  cepsulatun. 

Analysis  of  serologic  data  from  hospitalized  soldiers  and  from 
soldiers  who  were  not  ill  is  still  in  progress. 

Epidemiologic  studies.  Eighteen  of  37  MEDDAC  physicians, 
five  of  eight  lOlst  Division  physicians,  and  12  of  15  101st  PAs 
conpleted  cuxJ  returned  the  questionnaire  regarding  the  incidence 
of  similar  disease  at  Port  Canpbell.  Of  tlie  35  responding, 
four  replied  "Yes,"  they  had  been  aware  of  several  patients 
presenting  during  a  short  period  with  a  syndrome  similcur  to 
that  observed  in  the  13  hospitalized  i^wtients  prior  to  1  Novem¬ 
ber  1977.  IVenty-six  replied  "Ncj"  aixl  5  did  not  give  a  "yes" 
or  "no"  emswer.  The  "yes"  replies  are  sumrarized  below: 

(1)  A  101st  Division  physician  referred  to  what  he  thought 
was  influenza  during  the  winter  of  1976-1977. 


Tabl«  1.  Ages,  ranks,  isiits,  and  dates  of  cnset  of  syitptui's  and  hcsplt&li- 
zaticn  for  Fort  Canrhel 1  troops  who  were  hcspltalited  follcwlng  jungle 
training  in  Panama  in  October  1977. 


Patient 

ntatber 

Age 

(yrs) 

Rank 

Qiit 

Cate  of 
onset* 

Date 

hospitalized* 

1 

21 

£4 

326  EN 

+ 

+ 

2 

36 

E7 

1/503  aiF 

30  Oct 

.  9  Nov 

3 

21 

E4 

326  EM 

1  Nov 

8  Nov 

4 

20 

'  £4 

326  EM 

2  Ncv 

7  Ncv 

5 

23 

£5 

326  EM 

2  Etov 

7  Nov 

6 

33 

£6 

326  EM 

3  Ncv 

8  Ncv 

7 

19 

£2 

326  EM 

4  Ncv 

8  Nov 

8 

18 

£2 

326  EM 

5  NCV 

8  Nov 

9 

24 

£4 

326  EM 

5  Ncv 

8  Nov 

10 

17 

£2 

326  EM 

6  Ncv 

8  Ncv 

u 

19 

£2 

326  EM 

6  Ncv 

9  Ncv 

12 

23 

£4 

326  EM 

7  Ncv 

8  Etov 

13 

21 

£4 

326  EM 

7  Ncv 

10  Etov 

J.S, 

•1977. 

*  See  text. 
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(2)  A  101st  Division  PA  mentioned  two  patients  he  had 
seen  in  the  feill  of  1977  which  were  thought  to  have  ^lseptic 
meningitis  or  Rocky  Mountain  spotted  fever. 

(3)  A  MEDDRC  pediatrician  noted  having  seen  a  syndrome 
simileu:  to  that  observed  in  the  13  hospitalized  patients  in 
children  in  early  November  1977. 

(4)  A  101st  Division  PA  referred  to  some  cases  he  had 
seen  early  in  November  1977  in  a  unit  which  was  not  engaged  in 
the  October  Panama  exercise.  None  of  these  patients  were 
hospitalized. 

The  review  of  emergency  rxxxn  records  revealed  no  note¬ 
worthy  trends  or  unusual  numbers  of  pec^le  seeking  Ccue. 

Review  of  ITC  logs  showed  that  one  TMZ  (TMC  #7)  had  cui  increcise 
in  cill  respiratory  diseeise  in  mid-October  1977.  Ohits  using 
this  TMT  did  not  participate  in  the  October  Peuvima  exercise. 

No  other  observations  of  note  were  made.  Records  for  the  TJC 
used  by  1/503  INF  were  not  reviewed.  However,  records  from 
the  battalion  aid  station  used  by  this  unit  (which  was  staffed 
by  a  PA) ,  for  the  period  1  September-14  Novenber  1977  (excluding 
the  period  the  group  was  in  Pancuna) ,  reveciled  few  people  from 
any  units  in  the  1/503  INF  presented  with  illness  on  any  of 
the  days  studied. 

TVo  PAs  who  had  acconpanied  troops  to  PcUiana  were  questioned 
eibout  the  occurrence  of  illness  similar  to  that  observed  in 
the  13  hospitalized  patients  during  prior  Peinana  exercises  and 
the  two  we^s  following  the  exercises.  One  PA  acconpanied  a 
groipi  in  November-December  1976.  He  estimated  that  four  or 
five  men  developed  a  similar  illness  while  in  Pcinana  but  hcd 
no  idea  what  happened  after  the  unit  returned  to  Fort  Campbell, 
since  most  men  went  on  Christmas  leave.  The  other  PA  acoonpa- 
nied  a  grovp  in  Pebruary-March  1977.  He  did  not  think  illness 
similar  to  that  observed  in  the  13  hospitalized  patients  was 
occurring  to  any  degree  while  his  unit  was  in  PcinaiTB.  He  was 
not  awcure  of  an  unusual  number  of  people  becoming  ill  after 
returning  to  Fort  Canpbell. 

During  the  October  1977  Panaita  exercise,  corpsmen  did  not 
keep  sick  call  logs  but  the  PA  acconpanying  the  group  did 
iDciintain  records  of  patients  he  had  seen  (a  physician  did  not 
acconpany  the  grotp) .  Patients  with  einything  more  than  a  minor 
illness  were  referred  to  the  PA.  The  Pa's  log  indicated  few 
people  presented  with  illness  during  the  exercise.  Only  one 


1 


I 

- 


was  hospitalized  for  illness  in  Panaita  (patient  1,  'Table  1) . 

The  oocurxenoe  of  illness  eis  determined  from  tiie  question¬ 
naires  is  suRmarized  in  Table  2.  Four  jungle  training  exercise 
units  were  formed  from  the  Port  Campbell  units.  In  most  units 
in  vAiich  a  high  percentage  of  ill  persons  was  observed,  small 
nunbers  of  people  were  studied.  However,  31  of  the  35  men  from 
the  326  EN  were  studied  and  23  (74%)  were  ill  after  the  exer¬ 
cise  eKXx>rding  to  the  questionnaire  data. 

Review  of  the  schedule  of  the  Panama  exercise,  2is  well  eis 
interview  and  qu^tionnaire  data,  showed  that  326  EN  personnel 
had  unique  experiences  while  in  Panane. 

Selected  items  from  the  schedule  for  the  PetnaiiB  exercise 
are  suimarized  below: 

8-18  Ocrtober:  Individual  trcdning/squad  operations. 

(Units  shewn  in  Table  2  did  not  operate 
indf^«ndently . ) 

19-20  October:  326  EN  perscannel  cxsiducted  a  civic  action 
project  at  Port  San  Lorenzo  (an  old 
Spanish  fort) .  All  other  units  partici¬ 
pated  in  a  platoon/cxrpaiy  field  training 
exercise. 

21-27  October:  1st  and  2nd  squads,  326  EN,  operated 

together  as  a  single  independent  unit,  with 
only  czcisual  ocxitact  with  perscannel  from 
other  units.  The  3rd  squad,  326  EN,  acxxxn- 
panied  Cenpany  C  (at  least  1/503  Gonpany  C 
and  perhaps  other  elements  of  Tmg.  Oottpany 
C)  in  field  noneuvers. 

28  October:  In  garrison  in  Pcuiama. 

29  Octeher:  Departed  for  Ftort  Caitpbell.  Garriscxi 

activities  resumed. 

Specific  questicxviaire  questions  regarding  exposures  for 
the  engireers  vho  were  at  Fort  San  Lorenzo  shewed  that  indivi¬ 
dual  engineers  had  different  exposures. 

DISCUSSION 

Data  collected  and  analyzed  to  date  suggest  that  the  f^srile 


i 


Jmkl%  4-Oceurrenoa  of  lllnass  in  Fbrt  troops  b*for«,  during,  and 

following  an  Octcbar  1977  jungls  training  axarcise  in  Panana  (guestionnalx*  data) 


illness  observed  in  the  hospitalized  soldiers  vias  due  to 
^ection  by  His^laaroa  ca^ulatmi  vAich  occurred  during 
jungle  training  in  the  Canau.  Zone.  Analysis  of  serologic  and 
questionnciire  data  is  oontinuing  to  determine  if  infection 
occurred  primarily  among  engineers  aind  to  evaluate  relation¬ 
ships  between  e:gx>sures  in  the  Canal  Zone  and  seropositivity. 

10.  Hepatitis  in  the  25th  Infantry  Division,  Schofield 
Barracks,  Hawaii 


In  June  1978  several  soldiers  from  the  25th  Infantry 
Division,  vAio  had  been  admitted  to  the  Tripler  Anry  Nedicad. 
Center  (TAM2)  with  the  diagnosis  of  hepatitis,  were  reported 
to  the  25th  Division  Surgeon's  Office.  During  the  period  1 
January  to  31  May  1978,  the  Divisicai  Surgeon's  Office  had  no 
cases  cf  hepatitis  in  the  25th  Division  reported  to  them.  Ihere- 
fore,  Epidemiology  Consultant  Service  (EPIOCW)  assistance  was 
requested  and  am  EPICON  team  arrived  in  Hawadi  on  24  June. 

Prcnpt  definition  of  the  outbreak  was  essential  since  a  large 
contingent  from  the  25th  Division  (prirarily  the  1/27  Infantry 
Battalion)  was  scheduled  to  depart  for  New  Zealand  on  26-27 
June  for  a  training  exercise. 

During  the  weeJcend  of  24-25  June,  and  the  morning  of  26 
data  were  collected  and  assimilated.  By  mid-noming  of 
26  June  the  following  data  were  available: 

a.  Fifteen  soldiers  with  hepatitis  (SGOTfc80  with  no  ^pa¬ 
rent  reason  for  the  elevation  exc^t  viral  hepatitis)  licid  laeen 
adnit^  between  28  fby  and  24  June.  Eight  had  been  tested  for 
h^>atitis  B  surface  antigen  and  seven  were  negative. 

b.  All  cases  were  lower  ranking  (E2  to  E5)  itale.  Division 
soldiers,  most  of  whom  were  single,  lived  in  Schofield  Barracks 
OiadTcUigle  (Quad)  D,  and  probably  ate  in  the  Qued  D  dining 
facility. 


c.  Nine  of  the  15  were  from  the  1/27  Infantry  Battalion. 

d.  TVro  cases  were  in  Quad  D  dining  facility  workers. 

e.  Cki  26  June,  616  men  of  the  1/27  had  their  urine  tested 
by  MILTISTIX.  TVenty-six  (4.2%)  had  ^4  units  urobilogen  and/or 
^2+  bilirubin. 

These  data  were  presented  to  BG  Huycke,  TAM2  Ccmnander,  and 


menbers  of  the  lAMr  staff  on  26  June  to  edd  in  fomulating  a 
reooranendation  regaxxiing  the  deployment  of  the  1/27  to  Nevr 
Zealemd.  On  the  basis  of  the  data  givioi  abo^^  and  the  dis¬ 
cussion  that  followed,  BG  Huycke  reconnended  the  unit  not  be 
deployed.  The  Ocncnanding  General,  25th  Division,  accepted  the 
reocmnendation  eind  the  1/27  was  not  deployed  to  New  Zeedand. 

17MDIATE  ACTIONS  TAKElj.  In  an  attenpt  to  stop  iind/or 
limit  the  oocurrence  of  clinical  cases,  the  following  actions 
were  taken: 

a.  on  25  June,  because  of  ctn  apparent  outbreak  of  hepatitis 
A  related  to  Quad  D,  administraticm  of  immune  serum  globulin 
(ISG,  2.0cc)  to  personnel  in  units  located  in  Quc»d  D  (1/27, 

1/35,  HHC-lst  BDE,  cind  25  MI)  was  initiated.  This  was  continued 
the  following  week. 

b.  The  Oomranding  General  25th  Division,  issued  a  message 
to  Division  personnel  which  told  about  the  disease,  the  ways 
hepatitis  virus  is  transmitted  and  precautions  that  should  be 
taken. 

c.  A  water  point  in  the  Kahuku  Trciining  Area  (a  Division 
trauning  area)  was  found  to  have  considerable  ooliform  bacteria 
(including  namnalian  colifbrms)  on  recent  testing.  The  Divi¬ 
sion  Surgeon  took  steps  bo  insure  that  water  from  this  water 
point  would  be  properly  treated. 

d.  All  food  handlers  with  liepatitis,  suspected  of  having 
hepatitis,  or  who  v«re  contacts  of  a  hepatitis  case,  were  re¬ 
moved  from  the  dining  facility’. 

e.  Earlier  inspections  of  the  Quad  D  dining  facility 
revealed  no  significant  health  liazard  with  the  exception  of  a 
dirty  ice  dispenser.  A  repeat,  eoctremely  thorough  inspection 
by  the  Division  Environmental  Science  Officer  revealed  no  sig¬ 
nificant  health  hazard.  (The  ice  dispenser  was  removed  from 
the  serving  line  for  thorough  cleaning.) 

THE  SEARQ!  FOR  ADDITIONAL  HEPATITIS  CASES.  Four  methods 
were  used  to  identify  cases; 

a.  Known  and  suspected  hepatitis  cases  reported  bo  the 
Division  Surgeon's  Office  and/or  the  TAMJ  Prevaitive  Medicijie 
Office  were  follcwed-up  for  confirmation.  (Confirmation  required 
an  SOOT  of  ^80  mU/ml.  Norrtnl  was ^40  mU/md.) 


) 


b.  XMC  admission  and  chemistry  laboratory  data  were 
reviewed  daily. 

c.  In  addition  to  the  1/27,  soldiers  from  the  following 
units  eilso  were  tested  using  the  urine  screen  method:  1/35, 
HHC-lst  BDE,  25  MI,  and  65th  EU.  (The  65th  EJJ  had  supported 
the  1/27.)  Soldiers  having  a  positive  urine  test  were  bled 
for  SGOT  and  bilirubin  {SMk  12/60)  determinations. 

d.  Urine  screening  tests  Mere  done  on  Quad  D  civiliein 
dining  facility  workers.  Additionally,  civilian  and  militaury 
Quad  D  dining  facility  Markers  had  SOOT  and  serum  bilirubin 
determinations  done. 

NIWBER  AND  DESCRIPTION  OF  CASES  IDEOTIFIED.  Twenty- five 
confirmed  cases  were  identified.  IWenty-four  were  Division 
soldiers.  Cne  was  a  TAM2  soldier  who  Marked  on  an  orthc^aedic 
v^rd,  had  no  associaticsi  with  Schofield  Barracks,  and  had 
contact  with  Division  soldiers  caUy  in  the  perfonrance  of  his 
ward  duties.  This  TAM2  Ccise  will  not  be  considered  further 
in  this  r^xart. 

Oates  of  onset  of  illness  cind  units  for  the  cases  are 
shewn  in  FIGURE  1.  Ihe  configuraticai  of  the  curve  is  consistent 
with  a  oonron  source  exposure  which  occurred  about  mid-May. 

Five  Division  units  not  located  in  Quad  D  had  one  case  each 
(25  SS.T,  1/19  CSC,  147  AV,  1/21  C,  and  125  SIG) .  Only  one  of 
these  individueds  could  be  linked  to  the  Quad  D  area  or 
personnel  in  (3uad  D  units.  This  person  from  the  25  S&T  had 
tMa  friends  in  Quad  D  and  ate  in  the  Quad  D  dining  facility. 
Nineteen  cases  were  from  units  in  Quad  D: 
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UNIT 


APPROXIMATE  CASES  PER 

STRENGIE  InR^BER  OF  CASES  100  SOLDIERS 


1978 

25lh  INF  OlV,  SCHOFIELD  BARRACKS  .  HAWAII 


mr  1979 


All  cases  were  male  soldiers.  Ages  ranged  fron  18  to  34 
yeairs  with  a  median  of  20.5  years.  There  were  two  officers 
(both  ILTSs)  cmd  22  enlisted  people.  Enlisted  grades  ranged 
from  E2  to  E6  with  a  median  of  E3.  All  but  one  of  the  24 
were  hospitalized.  However,  eis  a  groip,  these  patients  were 
not  severely  ill.  A  sumnary  of  clinical  synptans  is  presented 
belcw: 


SYMPTOM 

%  WITH  SYMPTOM* 

Fatigue/nBlcdse 

100 

Loss  of  appetite 

88 

Dark  urine 

88 

Nausea/voniting 

79 

Abdominal  pain 

79 

Headache 

79 

Fever/chills 

75 

Yellow  skin  and/or  eyes 

71 

Li^t  colored  stools 

54 

Diarrhea/loose  stools 

50 

^Valgia 

50 

Reish/itching 

42 

Sore  throat 

33 

Arthralgia 

21 

Gough 

17 

Constipation 

12 

Distaste  for  cigarettes 

77 

*  TV)eity-four  patients  were  studied. 

+  Tai  of  13  who  smoked  cigarettes  ocnplained  of  distaste  for 
cigcunettes. 

P0RM3LATICN  ^.ND  TESTING  OF  HYPOTHESES  REGAMDING  THE  SOURCE 
OF  THE  OUTBREAK.  Data  obtained  from  questioning  cases  suggested 
that  social  contacts,  unit  cind  other  types  of  peurties,  and 
drug  usage  were  not  significant  factors  in  this  outbreak.  Addi¬ 
tionally,  only  seven  had  had  any  kind  of  dental  work  done  since 
1  ;^il  and  caily  10  had  received  any  iimunizaticais  since  1  ^ril. 
Patients  were  also  questicaied  about  other  types  of  injections ; 
cme  had  had  a  TB  skin  test,  one  had  received  a  parenteral  anti¬ 
biotic,  and  one  had  been  given  an  injected  ancilgesic. 

A  meeting  with  the  1/27  oomnander  and  executive  officer 
revealed  no  joint  exercises  involving  multiple  25th  Division 
units  during  a  time  appropriate  for  ein  incubation  period.  The 
only  suspicious  event  was  a  training  exercise  in  the  East  Range  - 
Kahuku  eurea  during  22-25  May.  Only  1/27  Gcnpanies  A,  B,  and  C, 


with  a  few  people  from  HUC  participated.  Ik3>»«sver,  only  10  of 
the  24  cff!y»,q  (42%)  recalled  ever  being  in  the  Kahu)cu  eirea  in 
May.  Additionally,  non-ill  controls  matched  by  rank  and  unit, 
were  selected  for  16  of  the  19  j-xitlonts  fran  Quad  D  and  ques¬ 
tioned.  In  only  five  instances  tiid  a  case  r^xnrt  being  in  the 
Kahuku  area  in  ^tay  wlieii  tJre  nutduxl  oontrol  n^x>rted  not  being 
there. 

Regarding  the  Quad  D  dining  facility,  only  17  of  24  patients 
(71%)  recalled  ever  eating  oven  a  single  meal  at  tlvj  facility 
since  mid-April.  Oidy  15  of  24  (b2%)  reported  they  usually 
ate  one  or  more  motils  (breakfast,  1uik:1a,  or  dinner)  at  the  faci¬ 
lity  since  nud-At^ril.  WJicn  tlio  16  cases  with  controls  were 
conpated  to  tlieir  controls,  only  two  cases  reported  they  ate 
even  a  single  meal  wl\en  the  oontiol  did  not.  Only  three  cases 
reported  they  usually  ate  oivc  or  more  noals  (breakfast,  luncdi, 
or  dinner)  when  the  control  did  t>ot. 

Two  military  dining  facility'  workers  wore  found  to  have 
hepatitis.  However,  their  (.insets  of  illness  occurred  the  week 
ending  17  June,  wtuch  was  hx)  late  for  either  of  tliom  to  have 
been  the  souroo  of  tlie  outbixvik.  No  mess  hall  vorker  witli 
hepatitis,  wtio  might  have  Lx'en  tlio  source  of  tlio  outbreak,  was 
id^tified. 

RFXXMU^Wl'lONS  TO  DIVISION  PDRSONNl'l,. 

a.  It)  protect  against  future  ciisos  of  Iviixititis,  strict 
sanitary  stoixlaixls  for  garrison  oixl  field  mess  facilities,  and 
stxict  standards  for  good  ixM'soiuil  hygiene  shtxild  bo  enforoeii. 
Additionally,  tlie  provision  of  pix^ierly  treated  water  to  t4XTol>s 
in  tile  field  slxxild  Ix'  consitkMxxl  of  extreno  invortance.  Out¬ 
breaks  of  liepatitis  ate  exxiron  in  militaty  forces  and  tlio  events 
associated  witJi  Uiis  outbixxik  piovide  .in  cxarqile  of  Ixw  hepati¬ 
tis  can  severely  hitxler  militiiry  operations. 

b.  Detection  of  any  new  outbreak  can  ocxxir  in  tiiroly 
fashiext  only  if  cases  are  leportoxl  pronptly.  This  is  imxirtont 
since  adninistration  of  ISO  may  Ix'  of  benefit.  Division  t^id 
TAMC  reporting  pixxxxlures  sluiuld  Ix'  revicvxxl  aixl  revised  if 
necessary.  Acklitionally,  clinical  jwrsonnel  (botli  in  tlie  clinics 
and  on  the  wards)  slxxild  Ix'  adviscxl  of  diseases  that  nxiuire 
reporting  atxl  pixxxxiures  for  revxirting. 

SIM4AKY.  'Ihe  sourci'  of  tit  is  outlvix'ak  of  iKi^xititis  Ivrs  not 
boon  idcntifuxl.  Serologic  stixlies  tkitx'  at  tJie  Walter  Heed  Army 


Institute  of  Reseauxh  have  identified  this  outbreak  as  an 
outbreak  of  h^iatitis  A  disease.  Ihese  serologic  studies  eure 
presented  elsevi*iere  on  this  report  (Mbrk  Unit  135,  "Mechanistte 
of  Transmission  of  H^titis  Viruses") .  it  is  ho^  that  addi- 
ticxial  serologic  studies  vd.ll  better  define  the  popula¬ 
tion  so  that  more  meaningful  oonparisons  can  be  made. 

Tuberculin  Skin  Test  Reactors  Fort  Kmx,  Kentucky 

The  routine  school  surveillance  testing  for  tuberculosis 
at  Foirt  Knox  was  conducted  in  March  1978.  It  was  noted  that 
one  sdiool  seesred  to  have  an  inordinately  large  nunber  of 
convertors.  This  relatively  large  nunber  of  oonvertors 
prcnpted  a  request  for  assistance  from  the  Epidemiology  Consultant 
Service  to  help  determine  the  focus  and  extent  of  the  "outbreak". 

lOTHDDUCnCN 


As  port  of  the  routine  post  surveillance  for  tuberculosis, 
yearly  tuberculin  skin  testing  is  performed  on  all  1st,  5th, 
and  9th  graders  in  post  schools.  This  was  done  March  1978  by 
the  school  Health  Nurse,  using  Mono-Vaoc  Tuberculin  tests. 

Tests  were  read  by  the  school  nurses  and  positives  were  referred 
to  the  Oomunity  Health  Nurse's  Office  for  follow-vp  testing 
with  5  TU  PPD.  All  PPD  tests  were  read  by  the  same  Ccrirunitv 
Health  Nurse. 

^y  three  of  the  schools  (Midge,  Crittenberger,  and  Van- 
\foorhis)  out  of  the  ten  on  post  had  positive  reactors  in  the 
three  grades  tested.  I^ge  Elementary  School  had  considerably 
more  reactors,  and  a  hicber  rate  than  the  other  schools,  suggesting 
that  Mudge  should  be  looked  at  more  closely.  The  previous  year 
(March  1977)  a  school  wide  program  using  Tine  Test  naterial  had 
been  conducted  in  all  Ft.  Knox  school  children,  and  l^v^gp^  on 
those  results  the  reactors  at  this  time  were  considered  conver¬ 
tors. 

INVESTIGATIONS  AT  MUDGE  SCHOOL 

Subsequently  all  the  other  children  at  Mudge  Elementary 
School  vere  tested.  The  1st  and  5th  grades  were  not  retested. 

Five  more  reactors  were  identified  for  a  total  of  13  students  at 
Midge,  an  overall  prevalence  of  3.1%. 

There  were  37  enployees  at  Mudge  Eletentary  School,  32  were 
s)cin  tested  with  Mono-Vacc  the  other  5  were  known  positives  and 


vgere  given  Chest  X-rays,  which  were  read  at  Ireland  Amy 
Hospital,  Ft.  Knox.  Three  of  the  32  were  positive  with  Mano- 
V^oc  euid  were  still  positive  on  further  testing  with  PPD.  None 
of  the  kncwn  positives  or  those  identified  as  convertors  had 
evidence  of  active  tuberculosis. 

Seventy-seven  family  menters  of  the  13  children  from 
Mudge  (and  of  2  children  each  front  Crittenberger  and  Van- 
Voorhis  Elementary  Schools  picked  up  in  the  initied  school  screen¬ 
ing)  were  tested  with  Mono-Veicc  and  PPD  intermediate  strength. 
There  were  a  total  of  15  family  menhers  positive  and  of  these 
7  were  identified  as  convertors.  Ncxae  of  the  15  had  evidenoe 
of  2x:tive  disease. 

In-depth  interviewing  of  the  originally  involved  families 
that  were  still  avedlable  on-post,  feiiled  to  identify  a  oonman 
source  or  occurrence  among  the  reactors  or  their  families,  be¬ 
side  the  fact  the  children  attended  post  schools.  Of  interest 
is  the  fact  that  at  least  7  of  these  13  families  had  an  over¬ 
seas  Msigrment  just  prior  to  their  tour  at  Ft.  Knox  (5  Qemany, 

2  Panama) .  The  childroi  in  the  Mudge  School  ranged  in  age  from 
6  to  11  years,  from  Kindergarten  to  the  5th  Grade  suggesting  a 
oomnon  occurrence  vras  unlikely. 

TESTING  Cff*  OTHER  POST  9CHCX3LS 

In  an  effort  to  determine  whether  Mudge  Elementary  School 
was  a  major  area  of  transmission,  further  testing  of  post 
schools  WM  reoonmended.  There  are  a  total  of  10  schools  at 
Ft.  Knox  and  in  6  of  the  10  all  students  were  tested.  Three 
of  the  seven  elementary  schools  (besides  Mudge)  and  both  of  the 
middle  schools  were  tested  in  June  1978.  This  testing  again 
oonsisted  of  screening  with  Mono-Vacc  eind  confirming  with  PPD. 

When  edl  grades  at  these  schools  (not  just  the  1st,  5th 
euxJ  9th  grades)  are  examined,  Mudge  Elementary  School  is  no 
l(Xiger  unique  in  having  a  high  rate  of  reactors.  TV>d  of  tlie 
other  schools,  Stevens  Elementary,  and  Walker  Middle  School 
edso  have  high  reactor  rates.  EXctmination  of  the  children 
reactors  by  gracie  slicws  the  5th  grade  has  the  liighest  rate  but 
investigaticxi  has  not  revealed  a  source. 

Both  the  high  rate  of  reactors  in  children  and  the  large 
nunter  of  staff  (3  of  32)  that  cxxiverted  indicate  transmission 
at  Mudge  Elementary  Schc»l.  But  the  large  nunber  of  reactors 
at  some  of  the  other  sc)xx)ls  (Stevens  and  Walker)  and  the  in¬ 
ability  to  identify  an  active  case  at  Mudge  Schcxil  suggests 
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that  transmission  is  occurring  elsewhere.  The  next  obvious  area 
to  consider  is  the  school  system.  It  is  possible  that  an  eictive 
case  mi^t  have  been  involved  with  severed  of  the  schcxsls.  A 
substitute  teacher,  bus  driver,  parent  eude,  special  teacher, 
etc. ,  that  vorked  in  more  them  one  school  and  more  than  one 
classrocxn  cxxdd  expleiin  the  distribution  of  reactors.  These  in- 
dividueds  are  being  identified  emd  tested.  There  are  a  large 
nurber  of  substitute  teachers  and  most  of  them  tau^t  in  more 
than  cxie  school. 

The  seventy-sevHi  family  members  of  the  17  children  origi¬ 
nally  identified  as  cxxivertors  included  15  positive  reactors 
amd  7  of  these  ware  cxtnsidered  cxjnvertors.  Only  cne  of  these 
7  had  amy  connection  with  the  schcxsl  system.  This  suggests 
trainsmission  cxacurring  outside  the  schc»ls. 

EXAMINATION  OF  OTHER  DATA  SOUHCES 

No  screening  cxxtparable  to  the  program  in  the  schc»ls  has 
been  done  among  other  groips  on  post  to  indicate  that  the 
problem  is  not  more  widely  spread.  In  an  attempt  to  obtaiin 
data  on  tuberculin  reactions  among  other  groups  on  post,  records 
were  reviewed  that  related  routine  testing  for  tuberculosis. 
Lhfbrtunately  these  data  sources  were  of  little  vadue  sinca 
there  was  no  standardized  method  of  recording  results.  The 
recruit  iimunization  program  maintains  the  best  records  but 
changes  in  the  epidemiology  of  tuberculosis  at  Ft.  Knox  will 
not  be  reflected  in  this  group. 

HOUSING  AREA  INVESTIGATION 

Spot  maps  were  made  of  the  place  of  residence  of  all  48 
school  children  reactors  identified.  As  wauld  be  expected,  the 
housing  areas  serving  schools  with  high  rates  had  concentrations 
of  reactors.  If  transmissicm  has  to  be  explained  outside  the 
schcol  system,  then  this  housing  data  may  be  helpful.  The 
considerable  discrepanc^y  between  the  two  areas  of  the  VanVborhis 
Manor  housing  oonplex  is  intriguing  (Table  3.) . 

TABLE  3 ;  Hcjusing  Area  For  Positive  Reactors  in  the  Schcols* 


Prevalence/ 


Housing  Area 

Rank 

#  Units 

#  Bedrcxoms 

#  Reactors 

1000  Bedrm 

VanVoorhis-S.  of 
Chaffe 

E6-7 

616 

1764 

15 

8.5 

VanVc»ihis-N.  of 
Chaffe 

01-03 

1096 

3126 

5 

1.6 

TRRI£  3:  (continued) 


Prev/ 


Housing  Area 

Rank 

#  Units 

#  BedraomB 

#  Ree^rtors  1000  Bedrm 

Rose  Terrace 

E4-5 

546 

1326 

6 

4.5 

Pritchard 

E4-5 

420 

1080 

9 

8.3 

Gaffey  Hts. 

E4-5 

348 

822 

3 

3.6 

3026 

8118 

38* 

4.6 

*  Ihis  includes  only  those  housing  cu?eas  where  all  the  students 
were  tested. 

# 

Ihe  10  other  children  were  scattered  in  the  other  housing 
areas. 

Table  3  shows  the  nunber  of  reactors  identified  in  the  schools 
by  the  housing  area  in  which  they  live.  Since  the  denonvLnator 
for  nimber  of  children  tested  in  these  areas  is  not  known,  for 
ocnpariscm,  a  rate  based  on  nunber  of  bedrocms  in  the  housing 
area  oonplex  was  used.  There  cune  obvious  potenticil  difficul¬ 
ties  with  this  cciiparison,  in  that  the  relationship  of  ages 
and  nxnbers  of  children  to  ninbers  of  bedrocms  nay  vary  by 
housing  area.  But,  using  these  rates  based  on  bedrooms,  one 
housing  area  (North  VanVoortiis  ^fanor)  had  a  rate  significauitly 
lower  them  the  other  areas. 


DISCUSSION 


Any  conclusions  must  be  based  on  two  najor  assuirptions : 

(1)  that  a  positive  skin  reaction  indicates  past  infection  with 
Mjycobacterium  tuberculosis  and  (2)  that  those  considered  oonver- 
tors  indeed  represent  recent  infection  occurring  at  Ft.  Knox. 

Apical  nycobacterial  disease  is  present  in  Kentucky,  and 
with  minimal  skin  test  reactions  there  is  the  possibility  that 
at  least  some  of  the  cemvertors  are  exhibiting  sensitization  to 
atypical  my^oobacteria.  The  Icurger  the  reaction  the  less  likely 
this  is  occurring,  but  a  nunber  of  the  convertors  did  have 
relatively  small  reactions. 


vaccination  is  another  possible  ooitplicating  factor. 

A  ninber  of  the  children  viere  bom  overseas  in  areas  where  BOG 
vaccination  nd^t  have  been  used,  and  the  historical  data  is 
of  quertion^le  accuracy.  It  is  known  that  BOG  vaccination  oon- 
vwte  the  sJ^  t^t  reaction,  but  the  size  of  the  reaction 
decreases  with  tine,  ihere  is  eilso  recent  evidence  that  BOG 
^ven  before  (»e  year  of  age  will  not  cause  reactions  larger  than 
10  nm  later  in  life.  Uie  effect  of  BOG  on  the  reactors  in  the 
SCTOofe  should  be  negligible  since  they  are  considered  convertors 
and  thus  nust  have  had  a  recent  negative  reading  and  the 
E^Bsent  positive  vrould  be  indicative  of  recent  infection.  But, 
it  IS  possible  that  th^  were  not  tested,  or  were  considered 
ne^tivB  on  the  previ  us  screening  because  of  the  history  of 
bog  vaccination.  ^ 


Recent  conversion  for  the  most  part  is  based  on  the  conpa- 
nson  of  the  tine  test  program  the  previous  year  and  the  results 
^  the  Mono-Vaoc  screening  this  year.  It  is  accepted  that  the 
Mono-Vaoc  test  is  more  sensitive  than  the  tine  test,  and  a 
numb^  of  these  new  reactors  might  have  been  positive  a  year 
if  /they  had  been  tested  at  that  time  with  Mono-Vaoc  nate- 
rial,  i.e.  it  is  possible  that  some  of  these  were  fed.se  negatives 
a  year  ago  and  thus  their  exposure  occurred  previous  to  the  tine 
program.  Unfortunately,  iinnunization  records  and  parents 
i^qporting  of  results  also  may  frequently  be  in  error.  The 
reoor^  frequently  indicate  that  a  test  was  ^plied  but  there  is 
ro  indication  of  the  result,  in  most  of  these  cases  the  parent 
IS  queried  vhether  the  test  was  positive  or  negative  and  their 
response  is  then  entered  on  the  record.  It  is  thus  likely  that 
some  of  these  reooit  convertors  had  converted  previous  to  these 
screoiings  and  were  likely  infected  at  a  previous  assignnent. 

The  frequmt  overseas  experience  of  this  group  makes  previous 
e^qxjsure  that  much  more  likely.  ^ 


, _  pr^lems  of  interpretaticxi  ocxioeming  the  three  points 

above,  atypical  disease,  BCG  vaccination,  and  sensitivity  and 
test  and  the  recorded  result,  all  eirphasize 
lack  of  good  basic  background  data  on  prevalence  of  tubercu¬ 
lin  positivi'^  in  U.S.  military  dependent  pc^xilation. 


With  the  qualification  that  a  number  of  those  considered 
convertors  may  not  be  such,  there  are  still  e»ugh  "real" 
converters  to  be  worrisome,  and  this  is  indicated  in  the  dif- 
fen^^  in  testing  results  between  school  year  1975-76  and  1977- 
78  vhm  Mono-V^c  was  used  both  years.  Repeat  testing  of  the 
school  population  this  fall  with  the  Mono-Vacc  screening  test 


will  edlow  a  nuch  better  estijiation  of  the  amount  of  exposuze 
and  oonversion  presently  occurring  in  this  population. 

The  liinitatians  in  the  interpretaticn  of  a  positive  test 
make  it  impossible  to  delineate  the  extent  of  the  present 
"outbreak."  If  edl  of  the  sc^vx)!  children  reactors  are  consi¬ 
dered  recent  convertors  then  the  first  task  is  to  rule-out 
transmission  in  the  schools.  If  this  can  be  done  then  the 
analysis  of  the  housing  area  takes  on  more  credence.  Mmitted- 
ly  the  ocnpariscn  of  housing  aueas  using  the  prevalence  by 
bedrooms  assunes  consistency  between  the  nunber  of  children  and 
the  nixrber  of  bedrooms  in  the  various  housing  areas  but,  if 
treuianission  is  ruled  out  as  occurring  in  the  school  system, 
then  the  lew  rate  in  the  North  VcinVoorhis  Manor  housing  2trea 
is  subst£mtiated  by  the  low  rate  in  VemVoorhis  Elementary 
SdKol  that  serves  this  housing  area.  This  is  in  contrast  to 
the  rates  of  the  other  schools  reflecting  increeised  transmission 
in  the  housing  areas  they  serve. 

Assuming  that  this  analysis  is  correct,  that  the  large 
housing  area  of  North  VanVoorhis  h£is  lew  rates  of  treuismission, 
this  indicates  that  treuismission  is  not  taking  place  in  2u:eas 
that  should  be  frequented  equally  by  persons  in  the  different 
housing  cuneas.  Thus,  the  Conmissary,  the  PX,  recreation  areas, 
restaurants,  etc.,  would  be  unlikely  areas  of  transmission. 

Unfortunately,  edl  schools  on  post  were  not  ocnpletely 
screened  so  that  the  extrapolation  from  the  schools  to  the 
housing  areas  can  only  be  made  in  some  of  the  housing  areas. 

In  Thble  3^  it  is  cippeurent  that  North  VanVoorhis  is  differait 
from  the  other  housing  aureas  because  it  houses  officer  person¬ 
nel.  There  ^une  several  reasons  why  this  nay  relate  to  the  epi¬ 
demiology  of  tuberculosis.  It  is  well  known  that  the  preva¬ 
lence  of  tuberculosis  is  related  to  the  socio-economic  level  of 
the  peculation.  In  the  military  oomnunity,  an  obvious  divisiai 
of  socio-econcmic  levels  is  by  rank.  This  difference  nay  or 
may  not  be  related  to  the  present  situation  at  Ft.  Knox.  Ano¬ 
ther  possibility  may  be  the  density  of  foreign-bom  wives  in 
the  different  housing  areas.  The  disproportionate  r^sresenta- 
tion  of  foreign-bom  wives  on  active  case  files  (9  of  10  at  Ft. 
Knox)  and  on  chest  clinic  follow-up  files  (50%  of  dependent 
wives  at  Ft.  Knox)  indicates  the  potential  inportanoe  of  this 
group  in  the  epidemiology  of  tuberculosis  on  military  reserva¬ 
tions. 

Testing  of  all  persons  involved  with  the  schools  will  be 
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rented  in  Octcber  1978 »  Results  of  the  retest  will  provdde 
a  better  estination  of  the  present  situation. 

12.  Dengue  Fever  Outbreak  in  the  1977 

A  pandemic  of  Dengue  fever  swept  through  the  Caribbean 
du^  7<>J.endar  1977.  WRAIR  was  directly  Involved  with 
laboratory  and  q^iidamiological  consultation  in  Janaica  during 
1977  (see  WRAIR  Annual  Report  1977)  and  in  the  Bahanas 
<^lng  Novenber  of  1977.  The  following  is  a  discussion  of  the 
investigation  in  the  Bahamas,  information  on  the  laboratory 

^  investigation  are  reported  under  Work  Unit  130, 
"Viral  Diseases  in  Man." 

THE  OmSREAK 


Early  indications.  Shortly  after  the  official  reports  on 
the  occurrence  of  dengue  in  Jamaica  in  July,  1977  the 
l^fession  and  health  services  in  the  Bahanas  were  alerted  on 
the  n^  for  increase  surveillance  with  submission  of  paired 
s^a  from  the  sporadic  cases  of  influenza  that  were  £dreeKiy 
being  r^rted.  Partly  as  a  result,  it  became  evident  that 
c^s  of  dengue  had  occurred  in  New  Providence  as  early  as  the 
f^t  wi^  of  August,  1977 .  The  first  was  a  Bahamian  who  went 
to  Jamaica  on  25  July,  h£id  onset  of  synptoms  on  4  August, 
returned  home  on  the  7th  and  consulted  a  private  pre>ctiticxier 
on  8  August.  The  acute  and  convalescent  sera  yielded  denoue  HI 
tito^  of  1/40  and  1/1280  respectively.  The  second,  a  r^ident 
of  NasMu  with  no  history  of  recent  travel  out  of  the  Bahamas 
1^  a  lustory  of  onset  on  5  August  with  signs  and  synptcms 
idmtified  by  his  nurse-educator  spouse  as  typical  of  dengue.  He 
^rollnteered  for  blood  collections  on  16  and  26  August  both  of 
^ch  yiel^  HI  titers  of  1/640.  Because  of  unnecessary  delays 
in  referral  of  the  specimens  and  receipt  of  the  r^rts,  these 
positive  results  became  available  only  on  24  Octcber. 


_  Meaniiibile,  there  had  been  a  steady  increase  in  the  weekly 

influenza,  popularly  naited  "Janaica 
Flu.  Although  an  occasioned,  case  of  dengue  was  reported,  it 
wasr»t  until  the  week  of  16  October  that  any  appreciable 
nuibers  of  that  disease  appeared  in  the  returns. 

confirmation  of  transmission  in 
New  Providence,  medical  practitioners  were  specifically  alerted 
on  tte  possibility  of  Dengue  and  PAHO's  assistance  was  sought 
to  study  the  situation. 


As  a  result,  tinro  epidemiologists  fron  WRAIR  and  CDC,  w 
eoologist/vector  control  specialist  from  Grand  Cayman  and  a 
laborato^  technologist  from  Ceuribbean  E^ldendology  Center 
arrived  in  Neutsau  during  6-7  November.  With  the  collaboration 
of  national  personnel,  a  series  of  investigations  was  ceuxled 
out. 


Review  of  veekly  ocnmunicable  disease  r^orte.  FOr  pui>- 
po8ae''oFOTipaHiarrai!erriporSro]rinnuen5aMicrdengue  in 
New  Providence  were  ocmpiled  for  the  epidemiological  wedcs 
27  JUne-26  Deoenber,  1976  (when  no  dengue  had  occurred)  and 
26  JUne-25  December,  1977  djsible  4  ^uld  Fig.  2  ) .  The  totals 
recorded  were  687  influenza  in  1976  and  2562  combined  influenz£k/ 
dengue  (including  1054  dengue)  in  1977. 

Data  on  sex  euvi  age  distribution  avail2d}le  for  2039  of  the 
1977  ceises  showed  that  the  syndrome  affected  males  (1058)  and 
females  (980)  aqu2dly,  but  predominantly  (75.2%)  the  age  group 
15-44  yeeurs.  The  under  15 's  accounted  for  14.2%  and  those  45 
years  and  over  10.6%  of  the  cases. 

From  the  Family  Islands,  96  cases  of  combined  influenza/ 
dengue  were  reported  during  the  13-wBek  period  ooRmKK:ing  2  Octo¬ 
ber:  Grand  B£duuna  45  (of  which  41  were  from  West  Eixi) ,  Eleuthera 
35,  Andros  28,  Inagua  5,  Long  Islemd  2,  euid  Exuna  1  (a  visitor 
from  Nassau) . 

Clinical  conplex.  During  the  wee)c  of  6  November  an  epide- 
miologioal  questionnaire  incorporating  22  items  oonprising  the 
clinic2d  conplex  of  svispected  dengue  fever  was  filled  out  at 
the  (Xitpatient  Service  of  the  Prixvoess  Margaret  Hospital  (PMI) 
in  Nassau.  The  results  of  replies  given  by  131  pati^ts  yielded 
a  cliniced.  conplex  of  fever  (97%) ,  headache  (94%) ,  retro-orbital 
pain  (86%) ,  chills  (85%) ,  we^0uless  (82%) ,  backache  (75%) , 
dizziness  (75%) ,  muscular  pain  (72%) ,  and  joint  pains  (63%) . 
TVcnty  to  27%  of  cases  r^x>rted  coryza,  cough  or  sore-^roat 
but  13  throat  washings  examined  at  CDC  were  negative  for 
influenza  virus.  Seventeen  percent  reported  a  skin  rash  while 
4-5%  acknowledged  to  mild  haemorrhagic  signs. 

Geographical  distri^ti^.  It  was  possible  to  obtain 
detailF  OT  we  address  of  only  34  cases  during  the  early  wec^s, 
but  a  concerted  effort  during  11  November-1  December  at  the 
Princess  Margaret  Hospital  Ckitpatient  Service  provided  this 
information  for  an  cidditional  198.  These  are  all  virtually 
limited  to  the  eastern  half  of  the  island  where  the  population 
is  centered. 


Fig  2. 


Attack  rate.  A  spot  survey  of  20  households  in  each  of 
seven~3istrlcts~bf  Nassau  att'aipted  by  interview  to  establish 
atteudc  rates  for  dengue-like  syndrone.  The  survey  covered  139 
houses  with  712  residents  and  yielded  cin  overall  attack  rate  of 
11.8%  varying  between  4.5%  in  Donottage  and  28%  in  Grove  -  both 
middle  class  areas  -  with  rates  of  15.5%  and  12.2%  in  Ehglerston 
euid  Oakesfield  respectively  in  the  more  densely  populated  sectors. 

The  first  two  Family  Islctnds  from  which  suspected  dengue 
was  reported  were  visited  briefly.  At  ^btthev;s  Ttown,  Inagua 
interview  of  93  resid^ts  in  17  households  gave  six  positive 
replies  to  queries  on  signs  and  synptans  of  dengue  fever,  but 
77  receptacles  -  including  inadequately  protected  cisterns, 
water  dnxns  and  old  ceir  tires  -  in  31  prendses  were  all  negative 
for  Aedes  aegypti.  In  Georgetown,  Exuna,  three  of  75  residents 
in  17  households  also  gave  positive  replies  bo  such  cjueries,  but 
20  containers  in  24  premises  showed  only  one  tire  with  lcurvc«. 

A  longitudinal  study  started  on  18  Novesrber,  1977  on  a 
selected  group  of  government  enployees  in  New  ProvicJencs  aimed 
at  providing  information  on  the  apparent  to  inapparent  infection 
ratio,  incidence  of  dengue  in  the  group  and  further  data  cx\ 
clinical  oonplex  is  still  incoitplete. 

Absentee!^.  Like  other  Government  enployees,  staff  of 
the  Ministry  of  Health,  vho  number  1469  in  New  Providencje,  are 
required  to  submit  a  medical  certificate  for  any  pieriod  of 
absence  due  to  illness  of  more  thain  tvro  days'  duration.  One 
pjart  of  each  certificate  bearing  the  medical  diagnosis  is 
tr£msmitted  directly  to  the  Chief  Medical  Officer.  During  the 
27  epidemiological  weeks  from  26  June  1977,  a  total  of  793 
such  certificates  were  received.  The  diagnoses  were  classified 

elS  - 


InfluQiza/dengue  247 

Other  respiratory  conditions  102 
All  other  conditions  444 

Ttotal  793 


and  chcurted  weekly  in  Fig.  3.  The  effect  of  the  dengue  out¬ 
break  with  an  overall  attack  rate  of  16.4%  is  clearly  illustra¬ 
ted  by  the  facrt  that  during  the  10-week  period  2  October  -  4 
December  influenza/dengue  accounted  for  47.5%  of  all  causes  of 
illness  reported  in  that  group. 

In  six  schools  in  Nassau,  the  nunber  of  students  cibsent 
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VOS  recorded  fay  first  day  of  afasenteeism  in  weekly  intervals 
front  the  first  week  of  the  Autvmn  Term  starting  5  September  1977. 
There  was  a  graducil  rise  from  ei^t  to  seventeen  by  the  week  of 
16  October,  follcwed  by  a  shetrp  iitcrease  to  53  ooinciding  with 
the  peak  week  of  the  dengue  epidemic  of  6  November,  1977. 

Laboratory  Diagnosis.  Paired  sera  of  suspected  daigvie 
cases  referred  eith^  by  the  Outpatient  Service  or  by  private 
practitioners  were  sent  for  diagnosis  either  to  CAREC  in  Port- 
of-Spain  or  the  Microbiological  Department,  Uiiversity  of  the 
West  Indies,  Jamaica.  On  126  results  received  for  New  Provi¬ 
dence,  a  total  of  69  or  54.8%  were  positive  for  Groip  B  Arbo¬ 
virus,  interpreted  in  the  Bahamas  as  dengue  fever. 

Cki  the  other  hand,  in  an  attempt  to  isolate  the  dengue 
virus,  76  sera  collected  frcsn  patients  attending  the  Outpatients 
Service  in  Nassau  within  2-3  days  of  onset  of  typical  symptoms 
of  dengue  during  the  week  of  6  November  were  inoculated 
directly  into  mosquito  cell  ciiLtures,  using  the  cell  line  ISTM- 
AP-61  and  incvbated  at  room  temperature.  Aliquots  were  shipped 
to  Walter  Reed  Amy  Institute  of  Research  (WRAIR)  for  similar 
attempts.  At  CAREC,  51  (67.4%)  developed  cytopathic  effects 
identiccil  to  that  produced  by  dengue  virus,  of  which  nine  were 
subsequently  identified  as  Dengue  Type  I.  At  WRAIR,  five  of 
the  isolates  had  also  been  similarly  identified  by  15  December, 
1977. 

The  Vector.  In  view  of  the  low  house  indices  recorded  by 
the  Vector  Control  Unit  (4%)  and  in  the  face  of  the  indicaticxis 
of  dengue  activity  from  mid-August,  a  rapid  assessment  of  the 
degree  and  distribution  of  Aedes  aegypti  was  undertaken  during 
November  7-9  to  determine  the  adequacy  of  its  vectorial 
potential  bo  support  an  epidordc.  This  was  carried  out  by  a 
spot  sampling  sxarvey  of  premises  along  transects  across  the 
city  of  Neissau  and  the  remainder  of  the  island,  with  a  hi^er 
sampling  rate  in  the  areas  of  densest  pcpiiLation,  and  including 
some  of  the  ubiquitous  collections  of  roadside  garbage  and 
garage  tire  dumps.  In  each  location,  the  search  was  disconti¬ 
nued  after  finding  a  positive  focus.  Of  a  total  of  100  premises 
and  localities  thus  inspected,  62%  were  found  infested  princi¬ 
pally  in  the  eastern  half  of  the  island  but  with  isolated  foci 
in  Gambier,  Adelaide  and  Coral  Harbour  in  the  west.  In  Greater 
Nassau,  a  densely  populated  Sector  had  an  index  reaching  82.8%. 
One  of  the  features  which  characterized  Aedes  aegypti  breeding 
Wcis  the  opportunity  offered  by  garbage-littered  and  weed-grown 
vacant  building  lots  for  the  mosquito  to  spread  its  range  ty 
moving  from  container  bo  container. 


In  anticipation  of  vigorous  source  reduction  from  a  cleein- 
up  canpaign  500  ovipots  were  distributed  on  10  November 
throu^iout  New  Providence  for  subsequent  evaluation  of  breeding 
^K:tivity.  When  it  became  evident  that  that  e:<pectation  would 
not  be  realized,  the  ovipots  were  removed  during  the  two  weeks 
ending  17  December,  in  the  course  of  vhich  12.9%  of  310  examined 
were  positive  for  Aedes  aegypti. 

CCNTOOL 

Because  of  very  limited  local  resources  in  trained  mai^XMer, 
equipment  and  suitcible  sipplies,  the  choice  of  methods  for 
pronpt  intern^ition  of  transmission  of  dengue  rested  in  airsprays. 
Approved  for  this  and  emergency  funds  was  granted  by  Cabinet  on 
8  November  and  contractual  arrangements  were  nade  with  a  US 
ocnpany  e:q»rienoed  in  such  operations.  Malathion  95%  concen¬ 
trate  was  used  at  a  standard  dosage  of  three  fluid  ounces  per 
acre  (equivalent  to  0.222  Ib/eicre  or  249  gn\/hectar  active  ingre¬ 
dient) .  The  aircraft  was  a  DC3,  converted  for  ULV  spraying, 
fitted  with  booms  and  No.  8004  nozzles  flown  at  approximately 
150  feet  cdtitude  to  deliver  an  effective  swathe  of  1,000  ft. 
downwijTd  from  each  flight  line.  Each  swathe's  position  was 
left  to  the  judgment  of  the  experienced  airspray  pilot,  guided 
by  clearly  narked  naps  of  the  area. 

The  areas  to  be  treated  were  selected  prinarily  on  the  ba¬ 
sis  of  levels  of  Aedes  aegypti  infestation  as  revealed  by  the 
spot  survey  of  7-9  November  as  well  as  the  topography  and  other 
features  of  the  terrain  recognizable  to  the  pilot.  A  total 
of  24,227  acres  were  treated,  including  7,404  acres  of  Nassau 
City  which  had  the  higher  indices  and  was  narked  for  one 
additional  spraying. 

The  data  compiled  illustrated  clearly  the  occurrence  of  an 
^idemic  of  Dengue  Type  I  in  New  Providence  which  started  with 
sporadic  cases  during  late  July-early  August  1977,  grew  gradual¬ 
ly  during  August  to  mid-October  when  it  weis  not  fully  identi¬ 
fied  clinically,  apparently  peaked  by  mid-November  and  faded 
out  by  the  end  of  the  year.  This  is  cutply  substantiated  by  the 
record  of  absenteeism  at  six  schools  in  Nassau,  as  well  as 
that  among  the  representative  group  of  adult  enployees  at  the 
Ministry  of  Health.  The  virus  was  presunebly  introduced  from 
one  or  other  of  the  Caribbean  countries  experiencing  outbreaks 
of  their  cwn.  With  the  vector  widely  prevalent  at  high  levels 
of  infesta tics'.,  the  stage  was  well  set  for  the  outbreak. 


13.  Pzevalenoe  of  Antibcx^  to  Sevnn  ^^denovirus  IVpes  in 
Basic  Odnobat  ^ainees  . 


This  stix^  was  reported  in  part  in  the  PY  1977  WRMR 
Annual  Report  (Work  Unit  001,  "Epidemiologic  Studies  of  Mili- 
tMy  Oisecises") .  Analysis  of  data  is  continuing,  with  associa¬ 
tions  between  serc^sitivity  and  demographic  variables  being 
investigated. 

14.  Simultaneous  Admimstration  of  Live,  Enteric-Ooated,  Oral 
Acfenovirus  TV^ies  4,  7,  and  21  Vaccines;  Safety,  Efficacy, 
and  Inmunoqenicity 

This  vaccine  trial  was  conducted  at  Et>rt  Dix,  New  Jersey, 
during  the  period  October-Deceirber  1976  and  was  reported  in 
part  in  the  FY  1977  WRAIR  Annual  Report  (Work  Unit  001, 
"E:|>idemiol^ic  Studies  of  Military  Diseases") .  Conpletion  of 
work  on  this  study  vras  hanpered  by  a  lack  of  prinary  hunan 
embryonic  kidney  cell  cultures  for  neutralizing  antiixxfy  tests. 
During  EY  1978  alternate  serologic  tests  were  investigated  and 
are  reported  elsewhere  (Work  iftiit  130,  "Viral  Infections  of  Man") . 

15.  Description  of  Renal  Diseases  for  Active  Duty  Personnel 

The  principal  investigator  for  this  study  (LTC  Hodder)  was 
transferred  to  the  Uniformed  Services  University  of  the  Hecd-th 
Sciences  (USUHS)  School  of  Medicine.  The  study  is  being  conti¬ 
nued  at  USUHS. 

16.  Morbidity  and  Mortality  Resulting  from  Motorcycle  Accidents 
in  the  U.S.  Amy 

This  project  is  designed  to  determine  the  cost  of  motor¬ 
cycle  accidents  to  the  U.S.  Amy.  Using  data  that  have  been 
generated  on  ii^xatients  by  the  IPDS  system  an  evaluation  of 
the  cost,  in  time  lost  from  duty,  disability  and  deaths  will  be 
attenpted. 

Thpes  from  the  IPDS  system  have  been  obtained  that  cover 
the  years  1973-1978  coded  for  injuries  resulting  from  motor 
vehicle  accidents.  From  these  tapes  it  will  be  possible  bo  de¬ 
termine  the  nvmbers  of  accidents,  the  types  of  injuries  that 
resulted  and  a  basic  demographic  breaJcdown  of  the  victims.  The 
data  presently  is  in  the  form  of  300  character  records  on 
conputer  t2^  from  the  Patient  Administration  Systems  and 
Biostatistic  Activity  at  Ft.  Sam  Houston,  Texas.  The  data  will 
be  formated  and  retrieved  in  tabular  form.  If  the  initial 
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analysis  o£  the  data  si^ipoxts  the  sxispicion  that  indeed  notor- 
cycle  accidents  account  for  significant  medical  costs  to  the 
Aniv»  then  further  aneilysis  cUy3  studies  will  be  planned. 

17.  Prevzdenoe  of  Leishmaniasis  in  U.S.  Army  Troops  (1971-1977) 

Because  of  growing  ccaicem  over  the  iiiport2uice  of  leish- 
neniasis  as  a  disease  threat  to  laurge  nurtbers  of  soldiers  under¬ 
going  jungle  treiinirtg  in  the  Canal  Zone,  MAJ  Henry  M.  Scagliola, 
a  preventive  medicine  resident,  undertook  a  study  to  determine 
the  nunbers  of  hospitcLLizations  which  have  occurred  over  recent 
yecurs  due  to  this  disease.  The  study  established  the  nunber 
of  initicd  hospitalizations  which  occurred  in  active  duty  U.S. 

Amy  persmmel  between  1  January  1971  and  30  June  1977.  Initial 
hospitalizations  were  chosen  to  identify  cases  because  the 
accepted  mode  of  treatment  (antimonial  ocnpounds)  necessitates 
hospitalization  of  the  patient  during  treatment. 

METHODS 

Data  were  gathered  from  one  primary  source  and  three  secondary 
sources.  The  primary  source  chosen  was  the  Individual  Patient 
Data  System  (IPDS)  of  the  U.S.  Army  Health  and  Data  Systems 
Agency.  IPDS  is  a  ccnputer  oriented  collection  of  medical  and 
demogrc^bic  data  for  in-patients  discheurged  by  the  Amy  Mediced 
Department.  Data  eure  received  from  Anty  Hospitals  worldwide, 
on  a  weekly  basis  in  the  form  of  magnetic  tapes,  punched  cards, 
clinical  record  cover  sheets,  and  coding  transcripts.  Beoords 
cire  placed  cxi  tape  and  processed  for  the  preparation  of  monthly, 
queurterly,  semiannual,  and  annual  reports.  Records  for  indivi- 
dUcLls  with  specific  diseetses  are  retrievable  using  Intemationed 
Classification  of  Diseases  (Adapted)  code  numbers.  A  request 
for  2dl  cases  of  cutcuieous  and  nucocutaneous  leishmanieisis 
submitted  to  the  Office  of  the  Amy  Surgeon  General  and  a 
magnetic  tape  containing  the  requested  records  v»s  forwarded 
to  the  Walter  Reed  Amy  Institute  of  Reseeuch,  Division  of 
Bicmetrics. 

To  provide  a  check  of  the  IPDS  reported  ceises,  three  secondary 
sources  were  utilized: 

a.  Ihrou^  the  cooperation  of  the  Infectious  Disease 
Consultant  for  the  Office  of  the  Surgeon  General,  all  Med-16 
Surveillcince  reports  for  leishmaniasis  during  the  specified  time 
period  were  obtained.  Under  AR  400-418  leishiteniasis  is  a 
reportable  disecise,  cuid  therefore,  theoretically  edl  cases  v^ich 


occurred  should  have  been  reported  by  Med’^IS, 

b.  Ibrough  the  cooperation  of  MM  Hendricks,  Division 

of  Medicinal  Chemistry,  Viblter  Reed  Antv  Institute  of  Reseeuxh, 
the  treatment  file  of  the  U.S.  Anty  Medical  Reseaurh  Uhit/ 
Panama  for  all  patients  hospitalized  at  Gorgeis  Hospital  for 
cutaneous  Leishmaniasis  vges  obtained.  This  vgas  chosen  because 
all  patients  diagnosed  euid  treated  at  Gorgas  Hosplt2d  viho  v^ere 
in  the  U.S.  Azny  vould  be  listed. 

c.  Finally,  the  Department  of  Geographic  Pathology  of  the 
Armed  Forces  Institute  of  Pathology  was  requested  to  supply 
information  concerning  all  specimens  referred  to  it  which  were 
given  the  pathological  diagnosis  of  cutaneous  Leishiteniasis. 

RESULTS 

For  the  period  1  January  1971  to  30  June  1977,  113  initial 
hospit^dizations  for  leishneniasis  were  identified  in  active 
duty  Amy  personnel.  The  mjority  (at  least  89)  were  at  Gorgas 
Hospital  (Canal  Zone) .  TVelve  occurred  elsewhere  at  Amy 
treatment  facilities  in  CONUS.  TVo  were  at  treatment  facili¬ 
ties  overseas  (not  the  Canal  Zone)  and  the  remaining  ten  loca¬ 
tions  could  not  be  determined.  Initial  hospital izatiems  by 
locaticxi  cind  yecu:  cure  given  below: 


Location 


Year 

Canal  Zone 

Un)uicwn  ^tnd 
Elsewhere 

Total 

1971 

42 

6 

48 

1972 

14 

4 

18 

1973 

12 

0 

12 

1974 

8 

3 

11 

1975 

1 

0 

1 

1976 

2 

5 

7 

1977* 

10 

b 

16 

TOTAL 

89 

24 

113 

*  First  six  months  only. 


Itie  majority  of  ini  tied  hospitalizations  toede  place  before  1973. 
'Sus  is  thou^t  to  reflect  the  hi^  nuirber  of  personnel  exposed 
to  jungle  tredning  in  the  Ceuial  Zone  because  of  the  Vietnam 
conflict. 

The  mean  age  of  patients  was  24.4  (medi^m  of  22) .  Seventy^ 
six  percent  were  vhite,  24%  were  black.  All  of  the  patients 
were  male.  The  frequency  of  re-hospitalization  for  leishmaniMis 
was  detezmiived.  Approximately  80%  of  the  ceises  were  hospitalized 
cnoe,  whereeis  15.9  were  hospitalized  twice,  2.7%  three  times, 
and  one  patient  reejuired  five  separate  hospitalizations.  Re¬ 
hospitalization  probably  reflects  initial  treatment  feiilure 
with  reoccurrence  of  disease. 

Sixty-one  percent  of  cases  were  reported  ty  IPDS,  19%  ty 
MBd-16,  79%  by  the  Gorgas  Hospital  file  cuid  3%  by  the  Armed 
Forces  Institute  of  Pathology,  Division  of  Geographic  Pathology. 
In  order  to  determine  the  oonpleteness  of  the  IPOS  data  beise, 
the  percent  of  edl  cases  vhich  were  listed  by  the  IPDS  was 
determined.  As  ceui  be  seen  in  the  table  below,  when  the  IPDS 
system  was  first  initiated  in  1971  its  ccnpleteness  was  low, 
hcMever  its  oonpleteness  has  increased  until  the  present  when 
it  appears  to  have  on  record  all  known  cases. 


Year 

IPDS 

Reported 

Total 

Reported 

% 

Oonplete 

1971 

18 

43 

38% 

1972 

10 

18 

56% 

1973 

7 

12 

58% 

1974 

8 

11 

73% 

1975 

1 

1 

100% 

1976 

7 

7 

100% 

1977 

16 

16 

100% 

DISCUSSION 

From  1  January  1971  to  mid-lP77,  113  known  cases  of  cuta¬ 
neous  Leishmaniasis  were  hospitalized  and  treated  at  Amy  treat¬ 
ment  facilities  (none  of  the  reported  cases  were  visceral  or 
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nuoocutaneous  fonns  of  the  dis-ease) .  Seventyniine  percent  of 
the  ceuses  were  known  to  have  iieen  treated  in  Panama.  Hie  i»* 
maining  21%  were  treated  elr^uhere  or  the  place  of  treatnent 
was  unknown.  Bie  place  of  origin  of  these  infections  oould 
not  be  determined  front  the  data  obtcuned. 

Althouc^  the  IPDS  reporting  system  was  inocnplete  for  1971- 
4,  more  recent  data  suggest  the  IPDS  system  is  currently  an 
acceptable  data  base  for  identifying  cases  of  cutaneous  Leish- 
mairi£isis. 

18.  Leishmaniasis  ftnonq  Troo^  undergoing  JVJ^le  'Rcaining  in 
Panama.  In  the  siinner  of  1978  E.  Takafuji  (Preventive 
Medicine  Officer,  Fort  Bragg,  North  Carolina)  requested  that 
the  Vfetlter  Reed  Amv  Institute  of  Research  (WRAIR)  assist  him 
in  conducting  a  prospective  study  of  appraximately  600  soldiers. 
The  soldiers  were  to  be  deployed  to  the  napal  Zone  lateT*  in 
the  year  for  edsout  three  weeJcs  for  jungle  warfare  training. 

Hie  objectives  of  the  study  were  to  identify  soldiers  had 
developed  leishmaniasis  and  to  establish  the  incidence  of  leish- 
mani£isis  in  the  study  population.  WRAIR  provided  professionad , 
technical,  and  laboratory  support.  Individuals  from  the 
Divisions  of  Oonnunicable  Disease  and  Iimunology  (OQL  C .  Diggs) , 
E)q]erijnent£d  Hierapeutics  (MA7  L.  Hendricks) ,  and  Prevaitive 
Me^cine  (MAJs  K.  N.  McNeill  and  H.  M.  Scagliola)  pcurticipated. 

MEHiODS 

Prior  to  d^lpyment,  study  subjects  were  questioned  alcout 
past  eiqiosure  to  leishmania  endemic  areas,  had  senm  specimens 
drawn,  and  underwent  exandnations  to  identify  and  characterize 
a)cin  lesions.  At  six  wee)(s  cind  at  five  mcnths  after  returning 
from  the  Canail  Zone,  serum  specimens  were  again  drawn  and 
examinations  were  again  ocxiducted. 

Serum  specimens  were  tested  using  an  innunofluorescent 
immunoglobulin  technique.  Su^icious  s)cin  lesions  were  cultured 
for  the  presence  of  leishmania  organisms. 

RESULTS 

The  serologic  test  lacked  )X)th  sensitivity  and  specificity. 
Eleven  culture  confirmed  cases  of  leishnanieisis  were  identified 
folladng  jungle  training,  for  eui  overall  incidence  of  approxi- 
nately  1.8/100  soldiers.  However,  in  one  ocnpany  the  incidence 
exceeded  4/100  soldiers.  A  manuscript  deeding  \dth  this  study 
is  currently  in  pr^>aration. 
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This  stuity  is  ocnplementary  to  work  described  under  Nbrk 
Uiit  083,  entitled  "Protective  limunization  in  Protozoan 
Diseases,"  and  Wbrk  Unit  099,  entitled  "ChenDtherapy  and  Chent>- 
pzofshylaxis  of  Leishmaniasis." 

19.  System  Analysis  of  a  Fort  Dix  General  Practice  Clinic* 

During  the  period  19-30  June  1978,  MAJ  H.  M.  Scagliola 
conducted  a  trial  surveillance  system  at  a  Port  Dix,  Nfew 
Jersey,  outpatient  clinic.  Using  a  questionnaire  which  vas 
filled  in  by  both  the  patient  and  the  physician,  data  on  the 
following  vere  collected  for  535  patients:  age,  sex,  race, 
rank,  status  (retired,  dependent,  military  trednee,  etc.), 
source  of  referral,  chief  ocnplaint,  diagnosis,  and  disposition. 
At  the  end  of  the  trial  period  it  was  concluded  that  the  sur- 
veillamoe  system  could  be  inplemented  with  minimal  difficulty. 
Additionally,  data  collected  identified  eureas  where  modifica¬ 
tion  of  existing  methods  for  patient  assessment  and  referral 
might  improve  the  efficiency  of  the  medical  care  system. 

20.  Determination  of  Congenital  Malformation  Rates  for  Seven 

U.S.  Army  Posts. 

Congenital  malformation  rates  at  seven  installations  for 
the  period  1  January  1971  through  30  JUne  1975  were  studied 
using  Individual  Patient  Data  System  (IPDS)  oonputerized  hospi¬ 
tal  dischcurge  records.  The  events  leading  to  this  study  and 
the  methodology  are  described  in  the  1976-77  Walter  Reed  Army 
Institute  of  Research  Annual  Report  (Work  Unit  001,  entitled 
"Qddemiologic  Studies  of  Military  Diseases") . 

Data  collection  for  this  project  has  been  ccnpleted  emd 
the  final  report  is  in  preparation.  Figures  4  ,  5»  cuid6  give 
livebom  infcints  with  congenital  cinomalies/10,000  livebirths 
for  Category  I,  Category  II,  and  Category  III  congenital  ancma- 
lies,  respectively.  The  actual  nurvbers  of  infants  with  cuxxtBlies 
cune  shewn  in  the  parentheses.  (Category  I  anonolies  are  of 
little  or  no  medical  or  cosmetic  significance.  The  nature  of 
Category  II  anomalies  could  not  be  determined.  Category  III 
contains  anomalies  which  are  considered  major  malformations, 
are  likely  to  be  correctly  diagnosed  by  a  general  pediatrician, 
cuad  are  likely  to  be  coded  correctly) .  The  most  striking  c*>- 
servation  is  the  consistent  upward  trend  noted  for  Port  Canpbell. 

The  study  presented  here  was  intended  as  a  rapid,  pre¬ 
liminary  study  of  congenital  anoimlies.  After  a  thorough  review 


of  the  data  generated,  a  decision  will  be  n»de  about  future 
studies  of  ocaigenital  nalfornetions.  Hie  nejor  limiting  factor 
in  evaluating  the  data  new  available  is  the  absence  of  infozna- 
tic»i  on  infants  who  were  delivered  under  CHAME^. 

21. 


Hiis  stuefy  was  presented  in  the  1976-1977  Walter  Reed 
Amy  Institute  of  Research  Annucil  Report  (Work  Iftiit  001  enti¬ 
tled  "Epidemiologic  Studies  of  Military  Diseases) .  Data 
collection  has  been  corpleted.  The  results  of  the  stufy  have 
been  presented  to  the  Armed  Forces  Epidemiological  Board.  A 
report  suitable  for  publication  in  the  scientific  literature  is 
in  preparation. 
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23.  (U)  The  pathogenesis  of  bacterial  infectiins  of  the  gastrointestinal  tract  is 
being  studied  to  establish  factors  and  mechanisir.s  by  which  disease  is  provoked.  Througn 
an  elucidation  of  such  elements,  procedures  for  prevention  and  control  of  diarrheal 
diseases  can  be  devised.  Diarrhea  is  a  significant  problem  in  military  personnel 
operating  overseas. 

24.  (U)  The  genetic  control  of  O-antigen  specificity  of  enteric  pathogens  is  being 

studied  since  such  cell  envelope  comoonenls  are  of  importance  in  disease  ar,',  its  pre¬ 

vention  through  vaccination.  Studies  of  enterotoxins  and  other  virulence  determ  .lants 
of  shigella,  L  coli  and  Y.  enterocol i tica  are  being  pursued  by  a  genetic  approach. 

25.  (0)  77  10-73-09  An  Hfr  donor  of  S.  sonnei  has  been  constructed  to  facilitate 

transfer  of  phase  I  antigen  genes  to  other  enteric  genera  and  to  prepare  hybrid  vaccine 
candidates.  Shiga  toxin  can  be  released  from  cells  through  osmotic  shock,  sphero- 
plasting  and  polymyxin  B  techniques.  Periplasmic  leaky  mutants  of  Shinella  and  E.  coli 
have  been  isolated  which  release  high  levels  of  enterotoxin  into  the  medium.  Y. 

enterocol i tica,  which  is  invasive  (Sereney  positive)  and  produces  E.  coli-like  St 

enterotoxi n,  has  been  shown  to  contain  two  plasmids  (40.7  megadaltons  and  35.9 
megadaltons).  Strains  with  the  40  megadalton  plasmid  are  Sereney  positive.  Loss  of 
this  plasmid  results  in  the  loss  of  this  invasive  property.  No  correlation  of  plasmid 
profile  and  the  ST  property  has  been  ot served  in  the  few  strains  so  far  examined. 
Attempts  to  find  a  phase  converting  system  for  E.  coli  LT  enterotoxin  has  failed. 

For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Oct  77  -  30  Sep  78. 
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Description 

The  pathoKcncsls  of  bacterial  infections  of  tlie  gastrointestinal 
tract,  particularly  tho.-ie  caii.seci  bv  Sht^'lla,  Salmoiiella  and 
Escherichia  coil  is  being  stiiJiOil  to  establish  factors  and  mech¬ 
anisms  by  wlilch  disease  is  provoked.  Tlirougl)  an  elucidation  of 
such  elements,  procedures  for  prevention  and  control  of  diarrheal 
diseases  can  be  devised. 

Progress 

By  employing  an  integrated,  Imiminolog ic ,  cytologic  and  genetic 
approacli  (see  previous  annual  reports)  studies  In  this  department 
are  concentrating  on  furtlier  elucidation  of:  (1)  virulence  factors 
and  moclianlsms  Involved  in  inte.stinal  penetration  and  toxin 
elaboration  by  patliogun.s,  key  mechanisms  by  wliicl:  enteric  diseases 
arc  provoked;  (II)  tlie  genetic  control  of  0  antigen  specificity 
of  enteric  patliogens  since  sucli  cell  envelope  components  arc  of 
Importance  botli  In  disease  and  its  prevention  tl»rough  vaccination; 
and  (III)  the  application  of  genetic  teclinlcjues  for  development 
of  live,  oral  vaccines  against  Slilgellosls. 

1.  Treatment  of  some  enterotoxigenic  iiaclier Icjiln  coll  strains 
with  the  antibiotic  mitomycin  C  resulted  In  lysis  of  the  bacteria. 
Heat-labile  enterotoxln  (I.T)  activity  of  culture  filtrates, 
determined  by  means  of  tlte  Y-l  adrenal  cell  assay,  increased 
dramatically  as  lysis  of  tl»e  culture  proceeded.  Fxirtlier  studies 
with  coll  strains  2b3  aiul  1121-4  revealed  tliat  lysis  is  due  to 
mitomycin  C  Induction  of  vegetative  development  of  a  temperate 
bacteriophage.  These  findings  .suggest  tliat  the  elevated  levels 
of  LT  detected  after  mitomycin  (’  treatment  reflect  tlu'  lytic 
release  of  cell-bound  I.T  rather  tl\an  the  indvictlon  by  mito¬ 
mycin  C  of  denovo  toxin  b I osynt  lies  I s .  Gomparable  Increases  In 
LT  activity  also  resulted  from  thermal  induction  of  a  pliage  PlCm 
lysogen  of  strain  263. 


2.  The  genetic  control  of  Invastvi’Hoss  and  onterotoxlcltv  of 
Yersinia  enterocolltlca  Is  being  Invosilgatod. 

3.  Defects  In  bone-marri'w  derived  cells  may  occur  In  Inbred 
strains  of  mice  which  are  susceptible  to  salmonellosis. 

4.  The  local  Imnume  response  of  Thlry-Vella  loops  to  various 
shigella  antigens  has  been  measured. 

Materials  and  Methods,  and  Kesults  In  4  Areas  of  Research  Named 
Above 

1.  Cellular  release  of  beat  labile  enterotoxln  of  Escherichia 
coll  by  bacteriophage  induct  loti 

It  Is  now  well  documcu..cd  lliat  some  ent eropathogenlc 
Escherichia  coll  cause  disease  by  colonizing  the  sm.ill  bowel  and 
producing  enterotoxlns  whlcli  have  been  designated  ST  (heat  stable 
toxin)  and  LT  (heat  labile  toxin).  The  synthesis  of  these 
diarrhea-inducing  enterotoxlns  by  Escherichia  i^o  1 1  can  be  plasmid 
mediated.  Two  fundamental  classes  of  Ent  plasmids  have  been 
recognized:  one  dcterr»lnes  production  of  botl:  l.T  and  ST,  whereas  a 
second  type  of  Ent  plasmid  determines  only  ST. 

These  enterotoxlns  can  be  readily  detected,  by  nse  of  both 
In  vivo  and  ^  vitro  assav  systems.  In  cell  free  supernatant  fluid 
following  growth  of  the  bacteria  In  broth  media.  In  addition.  It 
has  recently  been  reported  that  the  antibiotic  mitomycin  C  will 
Induce  the  synthesis  of  heat-labile  toxin  by  E.  ciyl I ,  presumably 
by  a  mechanism  In  which  ET  gene(s)  are  derepressed  and  d£  novo 
toxin  synthesis  Is  Initiated.  This  ci'nclnslon  was  based  on  the 
finding  that  supernatant  fluids  from  such  mltomvcln  C  treated 
cultures  yielded  greater  l.T  activity  than  untreated  cultures. 

Our  studies  reveal  that  an  alternate  mechanism  can  account 
for  the  increased  LT  levels  following  treatment  of  li.  coll  LT 
strains  with  mltonycln  C.  We  l\ave  shown  that  such  treatment 
results  In  lysis  of  the  bacteria  due  to  the  Induction  of  vegetative 
development  of  bacteriophages  which  can  lysogenlze  such  enterii- 
toxlgenlc  JE.  co 1 1 .  The  Increased  levels  of  LT  In  filtrates  of 
mitomycin  C  Induced  strains  thus  mav  reflect  the  release  of  cell 
bound  LT  during  lysis  rather  than  the  Induction  of  ^  now  toxin 
synthesis . 

Bacterial  strains,  mitomycin  Induction  and  to:Un  assays. 

Most  studies  were  perform'd  with  E.  coll  strain  263.  in  prellmlnavv 
screening  studies  we  also  used  a  number  of  LT  producing  E.  coll 


strains  associated  with  disease  from  diverse  geographic  areas. 

For  some  studies  with  E.  coll  263,  we  employed  the  thermo- 
Induclble  phage  FI  Cm.  This  phage  Is  a  natural  recombinant  between 
Phage  PI  and  an  R  plasmid  which  retains  Its  capacity  to  lysogenlze. 

For  mitomycin  C  Inductioi^  bacteria  from  overnight  stationary 
cultures  were  diluted  1:100  Into  fresh,  prewamed  Penassay  broth 
and  Incubated  at  37°C  with  aeration.  When  growth  had  reached  about 
2  X  10°  cells  per  ml  the  culture  was  divided.  Mitomycin  C  (Sigma 
Chemical  Co.)  was  added  to  one  portion  at  a  final  concentration  of 
1  pg/ml  of  culture.  These  cells  and  those  In  the  control  portion 
were  further  Incubated  with  vigorous  shaking  at  37°C.  After  over¬ 
night  Incubation,  the  cells  were  removed  by  centrifugation  at 
10,000  X  g  for  20  minutes  at  4<^C.  The  cells  were  discarded  and 
the  supernatant  was  filter  sterilized  (0.45  pm,  Mlllipore  Corp.) 
and  stored  at  4oC.  For  kinetic  experiments,  samples  were  periodi¬ 
cally  removed  and  sterile  filtrates  were  prepared  as  described 
above.  Enterotoxln  assays  were  performed  on  such  supernatant 
filtrates  usually  within  24  hours  using  the  Y1  mouse  adrenal 
cell  system. 

Treatment  of  E.  coll  263  and  other  LT  strains  with  mitomycin  C. 

Preliminary  studies  with  coll  263  yielded  findings 
similar  to  those  previously  described  for  this  strain.  After 
incubation  overnight  in  the  presence  of  mitomycin  C,  the  entero¬ 
toxln  activity  of  culture  filtrates  of  263  and  other  LT  producing 
E.  coll  strains  was  determined.  As  shown  In  Table  1,  addition  of 
mitomycin  C  to  cultures  of  263,  B21-4  and  TD286C2  caused  a  32-80 
fold  Increase  In  LT  activity  of  sterile  supernatant  fluids.  The 
remaining  strains  that  were  tested  revealed  slight  or  no  Increase 
In  LT  activity  as  compared  to  untreated  control  cultures. 

A  time  course  of  the  effect  of  mltocycln  C,  on  E.  coll 
263  Is  presented  In  Figure  1.  When  mitomycin  C  at  a  final 
concentration  of  1.0  pg/ml  Is  added  to  a  culture  of  strain  263, 
cell  growth  continues  to  Increase  for  30-45  minutes  at  a  rate 
typical  of  the  control  culture.  At  this  time  growth  Is  affected 
and  lysis  of  the  culture  is  Initiated,  as  shown  by  a  leveling 
and  subsequent  decrease  of  optical  density.  Moreover,  the  LT 
activity  of  culture  filtrates  increase  dramatically  (32  fold  over 
control)  as  lysis  of  the  culture  proceeded.  A  similar  lytic 
event  was  seen  with  strain  B21-4.  In  contrast,  E.  coll  H10407, 
which  showed  no  Increase  In  LT  activity  after  mitomycin  C  treat¬ 
ment,  failed  to  lyse  even  when  pg  mitomycin  C  per  ml  of  culture 
was  employed. 


This  course  of  events  which  resulted  in  cell  lysis  was 
sugpstlve  of  the  classic  phenomenon  of  m  tomycin  C  induction 
of  bacteriophage  synthesis  in  lysogenic  bacteria.  We  thus 

that  some  LT  strains  harbor  temperate 
phages  which  respond  to  mitomycin  C  Induction.  By  means  of  an 
electron  microscopic  search,  such  a  phage  was  identified.  This 
phage,  designated  263,  has  an  isometric  head  with  hexagonal 
symmetry  and  a  short  tail  with  no  detectable  contractile  sheath. 
The  phage  particles  appear  uniform  in  size,  with  a  head  diameter 
of  about  nm  and  a  tall  assembly  of  about  13  nm  in  width  and  15  nm 

-  The  tail  consists  of  3  or  more  spikes  and  may  contain 

a  place  ac  the  distal  end* 


Our  finding  that  E.  coli  263  carries  a  temperate  phage 
which  can  be  lytically  Induced  by  mitomycin  C.  suggested  that 
the  elevated  levels  of  LT  observed  in  filtrates  of  such  induced 
cultures  might  be  a  reflection  of  a  release  of  cell-bound  toxin. 

To  determine  whether  lytic  induction  of  phage  synthesis  can  cause 
such  an  increase  in  LT,  E.  coli  263  was  lysogenized  with  the 
thermoinducible  phage  PlCm.  This  phage  can  be  specifically  induced 
/oor  replication  by  elevating  the  incubation  temperature  to 

42  C  and  inactivating  the  thermo labile  repressor  responsible  for 
maintenance  of  the  prophage  state.  The  use  of  mitomycin  C  to 
Induce  lysis  of  263  could  thus  be  avoided  and  the  levels  of  LT 
in  lysates  of  such  thermally  Induced  PlCm  lysogens  could  be 

results  of  such  a  thermal  induction  of  E.  coli 
263  (PlCm)  are  presented  in  Figure  2.  As  cellular  lysis-rei^IFing 
from  lytic  replication  of  phage  PlCm  progressed,  an  80  fold 
increase  in  Lt  activity  was  detected. 


Our  studies  have  shown  an  increase  in  LT  activity  of  filtrates 
following  mitomycin  C  treatment  of  enterotoxigenic  E.  coli.  Time 
course  studies  of  the  effect  of  mitomycin  C  (Figures  land  2)  provided 
evidence  of  cell  lysis  concomitant  with  the  increase  in  LT  activity. 
Moreover,  we  subsequently  were  able  to  demonstrate  that  this  lytic 
event  reflected  the  induction  of  bacteriophage  synthesis. 

On  the  basis  of  these  observations,  we  offer  an  alternative 
mechanism  for  explaining  the  increased  LT  levels  in  supernatant 
culture  fluids  of  coll  strains  treated  with  mitomycin  C.  We 
believe  that  mitomycin  C  may  not  specifically  induce  synthesis  of 
LT;  rather  it  Induces  vegetative  replication  of  phages  that  may 
lysogenize  such  strains.  As  lysis  proceeds,  cellular  release  of 
pre-formed  LT  from  the  periplasmic  space  of  the  outer  cell  membrane 


occurs,  thus  accounting  for  the  incteabed  levels  of  LT  In  filtrates. 

Early  in  these  studies  \.e  considered  the  possibility  that 
temperate  phages  associated  with  toxigenic  strains  of  E.  coli 
may  have  incorporated  genes  for  enterot  xln  production  into  their 
genome.  Since  the  structural  genes  for  LT  undoubtedly  represent 
a  small  portion  of  the  End  plasmid  It  Is  likely  that  such  LT 
converting  phages  exist.  Studies  in  which  we  have  lysogenlzed 
non-toxlgenlc  strains  with  various  phages  Isolated  from  toxigenic 
E.  coli  are  currently  being  pursued  in  an  effort  to  isolate  such 
LT  converting  phages. 

The  use  of  lytic  Induction  of  bacteriophages  for  cellular 
release  of  toxins  from  bacteria  may  have  some  application  to  the 
characterisation  of  toxins.  Preliminary  studies  with  PlCm  lysogen 
of  Shigella  dysenteriae  1  strain  60R  suggest  that  shlga  toxin  also 
can  be  released  by  induction  of  phage  lysis.  This  approach  may, 
therefore,  provide  an  alternative  to  alkaline  extraction  or 
mechanical  disruption  of  cells  which  are  currently  employed  for 
initial  enrichment  and  Isolation  of  the  toxin.  In  addition, 
shiga  toxin  Isolated  from  phage  lysates  could  differ  from  that 
Isolated  by  the  conventional  methods  and  thus  could  provide  a 
useful  approach  for  delineating  structurally  the  cytotoxic, 
neurotoxic  and  enterotoxic  activities  of  the  shiga  toxin  complex. 

2.  The  genetic  control  of  Invasiveness  and  enterotoxiclty  of 
Yersinia  enterocolitlca  is  being  studied  in  collaboration  with 
Dr.  Walter  Laird  (George  Washington  University)  and  Dr.  John 
A,  Wohlhleter  (Dept  Bacterial  Immunology,  Walter  Reed  Army 
Institute  of  Research.  Investigations  of  two  strains  of  Y. 
enterocolitlca  have  shown  that  invasiveness  is  under  the  control 
of  a  plasmid.  Contour  length  measurements  of  plasmid  DNA  Isolated 
from  strain  Y7P  has  revealed  two  plasmid  species;  41.93 
megadaltons  and  36.40  megadaltons.  Curing  of  the  41  megadalton 
plasmid  results  in  a  loss  of  invasiveness  as  demonstrated  in  mouse 
and  guinea  pig  animal  models.  No  loss  of  the  E.  coli-like  ST 
activity  was  detected  in  such  cured  clones.  The  function  of 
the  36  megadlaton  plasmid  still  remains  obscure.  Screening  studies 
of  other  strains  of  Yersinia  enterocolitlca  strains  by  means  of 
agarose  gel  electrophoresis  analysis  of  plasmid  DNA  in  cleared 
lysates  reveal  a  correlation  between  the  41  megadalton  plasmid 
and  Invasiveness.  Strains  which  lacked  detectable  plasmids 
still  expressed  ST  activity,  suggesting  that,  unlike  in  E.  coll , 

ST  genes  of  Yersinia  are  chromosomal. 
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Enterotoxln  (LT)  act  vity  after  treatment 

_ with  mitomycin  _ _ 

LT  activity  (U/  .05  ml)^ 

_  Increase  In 

activity 

+M  tomycln  (+/-) 


Table  1 


E.coll  strain 


Mitomy 


H10407 

B21-4 

TD427C1 

334a 

TD504C1 

B2C 

TD286C2 


a  Treated  with  1  m8  mitomycin  C  per  ml. 

LT  activity  ■  reciprocal  of  highest  dilution  of 
filtrate  causing  Y-1  cell  rounding. 
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3.  As  mentioned  In  the  .laL>i  annual  eport,  we  have  described 
two  genes  which  Influence  the  response  }f  Inbred  mice  to 
Salmonella  typhimurium  infection,  an  X-linked  gene  expressed  by 
the  B-lymphocyte  defective  CBA/N  strain  of  mice)  and  a  llpopoly- 
saccharide  (LPS)  defective  response  gene  expressed  by  the  C3H/HeJ 
strain  of  mice.  During  the  last  year  we  have  tried  to  determine 
if  expression  of  the  Immune  defects  of  these  two  strains  of  mice 
is  actually  linked  to  Increased  susceptibility  of  S^.  typhimurium. 
Preliminary  results  of  such  linkage  studies  Indicate  that  with 
CBA/N  mice,  expression  of  the  B  lymphocyte  defect  (as  assessed  by 
decreased  serum  IgM  levels)  correlates  with  an  increase  in  suscep¬ 
tibility  to  murine  typhoid  among  backcrossed  mice  bred  specifical¬ 
ly  for  this  study.  The  breeding  of  backcross  mice  for  linkage 
studies  with  the  C3H/HeJ  model  is  as  yet  not  complete.  We  have 
also  shown  that  with  both  CBA/N  and  C3H/HeJ  mice  resistance  to 
typhimurium  can  be  transferred  to  lethally  Irradiated  immune- 
defective  mice  with  bone  marrow  from  the  appropriate  syngeneic 
immunologlcally  normal  typhimurium  resistant  control.  These 
studies  suggest  that  with  both  models  the  genes  governing  the 
increased  susceptibility  to  £.  typhimurium  are  expressed  by  bone- 
marrow  derived  cells. 

4.  The  Thlry-Vella  loop  model  has  continued  to  be  used  to 
study  the  local  Immune  response  of  the  intestine  to  various 
shigella  antigens.  The  enzyme-linked  immunosorbent  assay  has 
been  employed  to  assess  the  Immune  response. 

Our  studies  have  demonstrated  that  the  presence  of  a 
Payer's  patch  enhanced  the  early  local  Immune  response,  but  its 
presence  was  not  necessary  to  achieve  a  strong  local  response. 
Furthermore,  we  pointed  out  the  similarity  of  the  epithelium 
overlying  the  Payer's  patches  with  that  overlying  Isolated 
lymphoid  follicles  which  occur  in  large  numbers  throughout  the 
intestine,  and  suggested  that  these  smaller  structures  may  also 
contain  precursors  for  IgA-secreting  plasma  cells. 

Another  factor  which  has  a  more  important  effect  on  the 
Immune  response  is  the  time  of  antigen  administration  in 
relation  to  the  time  of  the  construction  of  the  loop.  When  the 
Thlry-Vella  loops  were  given  10®  live  Shigella  X16  on  days  6 
and  13  after  surgical  creation  of  the  loops,  little  local 
Inmunlty  was  detected  in  secretions.  However,  when  the  animals 
were  immunized  on  days  1,  8  and  15  after  surgery,  strong  local 
responses  were  seen  by  day  11  (i.e.  before  the  third  dose).  The 
dosage  schedule  of  days  1,  8  and  15  was  adopted  for  all 
subsequent  studies . 

One  factor  which  may  have  been  Important  with  regard  to 


the  local  Immune  response  is  the  degree  of  colonization  of  these 
loops  by  bacteria.  Where,  s  the  normal  intact  rabbit  ileum 
contains  relatively  small  numbers  of  anaerobic  organisms,  we  have 
determined  that  our  chronically  isolated  ileal  loops  are  rapidly 
colonized  with  bacteria.  The  loops  remain  relatively  sterile  for 
the  first  two  days  after  Isolation,  but  by  the  6th  day  after 
surgery,  over  90%  are  colonized,  with  an  average  of  10^ 

Pseudomonas  aeruginosa. 

Since  a  considerably  stronger  secretory  immune  response  was 
found  in  loops  immunized  with  Shigella  X16  before  they  were  colo¬ 
nized  by  £.  aeruginosa  than  those  that  were  Immunized  after  they 
were  colonized  with  £.  aeruginosa,  we  asked  whether  the 
pseudomonas  was  somehow  inhibiting  the  local  immune  response. 

For  this  study,  5  rabbits  with  chronically  Isolated  ileal 
loops  were  colonized  on  the  day  of  surgery  with  10*^  live  P. 
aeruginosa .  The  continued  presence  of  this  organism  was  docu¬ 
mented  by  cultures  of  the  dally  loop  secretions.  Therefore,  on 
day  1  after  surgery,  these  animals  had  the  flora  usually  not 
present  until  day  6.  All  animals  were  immunized  on  day  1,  8  and 
15  after  surgery  with  10®  live  Shigella  X16.  A  strong  local  im¬ 
mune  response  was  found  in  these  animals  to  the  Shigella  X16,  as 
was  found  in  animals  that  were  not  artlflcally  primed  with 
Shigella  X16. 

Another  factor  which  could  account  for  the  enhanced  local 
immune  response  to  Shigella  X16  administered  on  days  1,  8  and  15 
v.s.  the  response  to  Shigella  X16  given  on  days  6  and  13  would  be 
the  inflammation  and  repair  process.  On  the  first  day  after 
surgery  there  is  considerable  inflammation,  but  by  the  sixth  day, 
virtually  all  the  acute  inf  lamination  due  to  surgery  has  subsided, 
although  some  fibroblastic  repair  is  still  occurring  at  the 
periphery  of  the  loops. 

To  determine  whether  thi.s  acute  inflammation  is  responsi¬ 
ble  for  the  enhanced  immunity,  6  rabbits  had  ileal  loops  created. 
After  5  days,  the  loops  were  reoperated  upon  -  a  simill  cuff  of 
intestine  at  each  end  of  the  loop  was  excised.  This,  then,  would 
recapitulate  the  conditions  of  acute  inflammation  in  loops  that 
had  aged  5  days,  and  which  had  tlie  flora,  normally  found  at  5 
days.  Then,  on  day  6,  after  the  original  creation  of  the  loops 
(but  day  1  after  the  second  operation),  the  loops  were  stimulated 
with  10°  live  Shigella  X16.  If  the  inflammation,  due  to  the 
surgery  is  responsible  for  the  enhanced  immunity  in  rabbits  on 
days  1,  8  and  15  after  .surgery,  this  group  of  rabbits  should 
display  a  strong  response.  If,  liowever,  the  poor  response  in 


rabbits  given  antigi.'n  on  days  (>  and  13  relates  to  atrophy  of  these 
these  loops,  a  poor  response  will  be  achieved. 
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These  experiments  are  currently  in  progress. 

Since  our  early  work  demonstraied  an  atrophy  of  villi  with 
time  in  these  isolated  loops ,  we  were  concerned  as  to  whether  or 
not  the  follicle  associated  epithelium  (FAE)  which  overlie  Peyer's 
patches  and  presumably  function  in  processing  gut  antigens  might 
atrophy  as  well.  Therefore,  a  chronically  isolated  ileal  loop 
was  perfused  with  50:50  mixture  of  ferritin  and  India  ink.  On 
electron  microscope  examination,  as  much  ferritin  was  taken  up 
by  the  FAE  of  this  loop  as  by  the  FAE  of  intact  small  bowel  in 
the  same  animal. 

The  chronically  isolated  ileal  loop  model  was  employed 
to  determine  whether  a  single  oral  or  subcutaneous  dose  of 
antigen  would  "prime"  the  bowel  and  thereby  enhance  the  secretory 
immune  response  to  subsequent  local  administration  of  that  same 
antigen,  six  rabbits  were  given  10^®  live  Shigella  X16  intra¬ 
venously  and  six  other  rabbits  received  10^®  live  Shigella  X16 
orally.  After  30  days,  a  chronically  Isolated  ileal  loop  was 
created  in  each  animal.  The  loops  were  stimulated  with  10°  live 
Shigella  X16  on  days  1,  8  and  15  after  surgery.  Good  local 
immune  responses  were  present  in  both  groups.  No  enhancement 
or  suppression  of  the  time  course  or  strength  of  local  response 
was  observed  when  compared  to  unprlmed  animals  that  were  stimu¬ 
lated  on  days  1,  8  and  15. 

Although  no  evidence  of  an  anamnestic  response  was  found 
in  these  animals,  we  were  not  certain  that  an  adequate  oral  or 
subcutaneous  priming  had  been  achieved. 

To  further  explore  the  question  of  anamnestic  response , 
we  immunized  4  animals  by  the  Intraloop  route  on  days  1,  8 
and  15  after  surgery  and  fallowed  the  kinetics  of  their  local 
immune  response.  When  the  level  of  local  antibody  to  Shigella 
X16  returned  to  "baseline",  the  animals  were  restimulated  with 
a  single  dose  of  10^  live  Shigella  X16  Intraloop.  Their 
responses  were  again  recorded  until  baseline  was  achieved. 

Three  of  the  four  animals  achieved  strong  IgA  antl-Shlgella 
X16  levels  within  4-5  days  after  this  remote  stimulation  (as 
long  as  200  days  after  the  initial  local  dose)  ,  whereas  to 
achieve  this  level  of  response  initially  required  at  least 
10  days  and  two  doses  of  antigen.  The  fourth  animal  was  in¬ 
advertently  restimulated  before  Its  IgA  antl-X16  levels  had 
returned  to  baseline.  Interestingly,  though.  It  also  had  an 
apparent  rise  in  IgA  antl-Xlb  activity  following  this  Intraloop 
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dose,  the  rise  was  smaller  chan  Chat  fnunit  la  cUe  ocher  three 
animals . 

All  Che  above  Immunologic  studies  were  performed  using 
Shigella  X16  which  Is  a  locally  Invasive  organism.  It  was  of  In¬ 
terest  to  learn  whether  the  Invasion  of  the  tissue  Is  necessary, 
or  whether  a  local  Immune  response  could  be  obtained  Co  a  non- 
Invaslve  strain  of  Shigella.  Therefore,  10®  live  strain  2457-0 
of  Shigella  flexnerl  (a  noninvaslve  bacteria)  were  used  to 
Immunize  Isolated  Ileal  loops  In  6  rabbits.  All  rabbits  produced 
a  strong  local  Immune  response  to  the  2457-0  LPS.  The  kinetics 
and  strength  of  the  local  immune  response  were  similar  to  Chose 
found  for  the  Invasive  Shigella  X16. 

Since  a  noninvaslve  strain  could  produce  a  strong  local 
Immune  response,  we  asked  whether  the  LPS  alone  could  elicit 
local  antibodies.  LPS  from  Shigella  y.l6  (a  Westphal  preparation) 
at  a  concentration  of  100  pg/ml)  was  used  to  immunize  6  rabbits 
on  days  1,  8  and  15  after  surgery.  No  IgA  anCl-X16  activity  was 
detected  in  any  secretion.  Studies  are  currently  underway  to 
determine  whether  killed  bacteria  are  able  to  elicit  good  local 
Immune  responses. 
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Description: 

To  define  histopathologic  manifestations  of  injuries  experi¬ 
mentally  produced  and  diseases  which  present  current  or  potential 
problems  in  military  personnel.  The  current  effort  is  directed 
toward  studies  of  diseases  of  the  digestive  tract  and  immune 
responses  due  to  infections  and  injuries.  These  studies  provide  a 
basis  for  a  comprehension  of  pathogeneisis,  scientific  treatment, 
and  determination  of  prognosis  in  diseases  and  injuries  in  mili¬ 
tary  personnel . 

Approach  to  the  Problem: 

A  multi-disciplinary  approach  including  conventional  histology, 
histo-  and  cytochemistry,  autoradiography,  radio-tracer  methods, 
various  immunological  techniques,  immunofluorescent  microscopy, 
transmission  and  scanning  electron  microscopy  is  employed. 

progress: 

This  work  unit  consists  of  studies  of  histologic  manifesta¬ 
tions  of  acute  diarrheal  diseases  of  infectious  origin  and  collab¬ 
orative  studies  of  experimental  gonococcal,  rickettsial  and 
trypanosoma!  infections  with  other  departments  of  the  WRAIR. 

I.  Studies  of  Host-Pathogenic  Microbe  Relationship  In  The  Diges¬ 
tive  Tract. 

A.  Studies  on  the  Effects  of  Lnterotoxin  Derived  from  Shigella 
dysenteriae  on  the  Small  Intestine  of  Rabbits. 

Background: 

The  virulence  of  shigellae  is  thought  to  depend  upon  their 
ability  to  penetrate  intestinal  epithelial  cells  and  to  persist 
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within  the  mucosa  of  the  intestine.  Invasion  of  the  colon  results 
in  the  characteristic  colitis  and  symptoms  of  dysentery  that  are 
the  hallmarks  of  shigellosis.  In  most  patients,  however,  a  period 
of  watery  diarrhea  precedes  the  onset  of  dysentery  and  in  some  way 
may  be  the  sole  manifestation  of  disease. 

Several  lines  of  evidence  suggest  that  the  diarrheal  phase  may 
relate  to  involvement  of  the  small  bowel.  Studies  of  gastrointes¬ 
tinal  intubation  in  man  have  demonstrated  that  two  other  organisms 
which  cause  watery  diarrhea,  Virbrio  cholerae  and  Escherichia  col i , 
are  present  in  high  concentration  in  tHe~TTuTd  of  the  smal’l  bowel  , 
where  there  is  net  secretion  of  water  and  electrolytes  into  the 
lumen.  Similarly,  organisms  have  been  isolated  from  ileal  fluids 
during  the  diarrheal  phase  of  Induced  shigellosis  in  man.  When 
dysentery  develops,  organisms  may  be  recovered  from  the  colon.  An 
identical  sequence  has  been  seen  in  early  experimental  shigellosis 
in  the  guinea  pig,  in  which  evidence  of  epithelial  penetration  into 
the  ileum  was  seen.  Similarly,  Inoculation  of  virulent  shigellae 
into  isolated  segments  of  adult  rabbits  results  in  accumulation  of 
fluid  and  dilatation  of  the  loop.  One  species.  Shigella  dysenteriae, 
elaborates  a  protein  enterotoxin  in  vitro  which  also  produces  net 
secretion  into  the  rabbit  ileum.  ~!n' collaboration  with  Department 
of  Bacterial  Diseases,  WRAIR,  the  present  study  was  undertaken  to 
determine  the  effects  of  shigella  enterotoxin  on  the  morphology  of 
rabbit  ileum. 

Materials  and  Methods : 

One-hundred-five  ligated  ileal  segments  in  23  white  New  Zealand 
rabbits  were  contructed.  In  each  animal  separate  sewents  were 
inoculated  with  buffer,  active  shigella  enterotoxin  (s-  and  50-ug 
doses),  and  shigella  enterotoxin  inactivated  by  heating  at  90C  for 
30  min.  Five  animals  were  killed  at  1,  2,  4  and  6  hr  and  three 
more  12  hr  after  toxin  was  placed  in  the  intestinal  lumen.  In 
eight  animals  (two  each  at  1,  4,  6,  and  12  hr),  both  cholera  and 
shigella  toxins  were  placed  in  different  loops  in  individual  ani¬ 
mals  for  comparative  study.  Representative  sections  were  cut, 
stained  and  examined  with  the  light  microscope. 

One  hour  after  exposure  to  50  ug  of  shigella  enterotoxin,  the 
ileal  mucosa  showed  minimal  focal  changes,  characterized  by  dis¬ 
charge  of  mucus  from  goblet  cells  and  degeneration  of  focal  epi¬ 
thelial  cells  at  the  apex  and  mid-villous  portion  of  the  villi. 

These  changes  were  associated  with  increased  cellularity  of  the 
lamina  propria  which  intensified  as  time  progressed.  The  morpho¬ 
logic  alterations  remained  qualitatively  similar  at  2,  4,  and  6 
hr;  for  this  reason  we  have  chosen  to  illustrate  only  the  fully 
developed  lesion. 


At  6  hr  after  exposmt',  there  was  ilefinite  shortening  of  the 
villi  with  a  decrease  vil lus-to-cry|)t  ratio.  Individual  epithelial 
cells,  or  small  clumps  of  altered  cells  were  in  the  process  of  ex¬ 
trusion  Into  the  lumen,  from  the  side  as  well  as  the  tip  of  the 
villus.  There  was  marked  disarray  of  the  epithelial  cell  layer, 
characterized  by  many  necrotic  cells,  focal  erosions,  and  large 
numbers  of  intact  or  degenerating  lymphocytes  caught  in  transmigra¬ 
tion.  The  brush  border  was  sparse  and  irregular  in  some  areas. 

The  epithelium,  particularly  near  the  villus  tip,  became  cuboidal 
and  often  appeared  as  a  cap  of  altered  cells.  There  was  consider¬ 
able  nuclear  debris  scattered  throughout  the  epithelial  layer  and 
lamina  propria.  In  the  same  animals,  exposure  to  cholera  entero- 
toxin  failed  to  alter  ileal  morphology. 

Ileal  sections  from  animals  killed  12  hr  after  instillation  of 
toxin  had  artifactual  changes  due  to  distention  of  the  fluid-filled 
intestinal  loop  and  appeared  similar  to  loops  treated  with  cholera 
enterotoxin. 

Reconwendation: 

Further  ultrastructural  studies  of  this  experimental  model 
will  assist  in  the  clarification  of  the  nature  of  cytotoxic  effects 
of  intestinal  epithelial  cells  by  shigella  enterotoxin. 

B.  Studies  on  Cryptosporia  Infection  in  the  Small  Intestine 
of  Rabbits. 

Background: 

The  genus,  Cryptosporidium,  was  introduced  by  Tyzzer  in  1907 
with  the  description  of  the  type  species  C.  muris  in  the  comnx)n 
mouse.  In  his  original  article  and  in  suFsequent  publications 
(1910,  1912)  Tyzzer  mentioned  a  Cryptosporidium  similar  to  C.  muris 
in  the  rabbit  small  intestine,  however,  he  did  not  elaborate.  TTnce 
that  time  several  species  of  Cryptosporidia  have  been  described  in 
various  mammals  including  guinea  pig  (Jervis  et  al.,  1966),  lamb 
(Barker,  1974),  calf  (Barker.  1974,  Meuten,  1974)  and  rhesus  monkey 
(Kovatch,  1972,  Cockrell,  1974).  Recently,  cryptosporidosis 
associated  with  acute  diarrhea  was  reported  in  human  patients 
(Meisel,  1976,  Nimi,  1976). 

Since  cryptosporidial  organisms  have  not  as  yet  been  cultured, 
we  have  studied  spontaneous  infections  in  the  small  intestine  of 
adult  female  rabbits  to  provide  additional  information  on  host- 
parasite  interrelationships  and  mechanisms  of  tissue  damage. 


Observations; 

Juvenile  female  rabbits  (Oryt. tolagus  cunlculuSi  Walter  Reed 
strain)  had  no  clinical  .igns  of  enter  c  disease  at  time  of  recep¬ 
tion,  and  were  placed  on  experiment.  The  animals  were  killed  by 
injection  of  a  lethal  dose  of  pentobarbital,  and  tissue  from  the 
loop  used  In  Shigella  erterotoxin  studies  and  a  control  area  proxi¬ 
mal  to  the  loop  were  taken  anvl  processed  for  light  (LM),  transmis¬ 
sion  (TEM),  and  scanning  (SIM)  electron  microscopy. 

A  low  magnification,  LM  examination  on  histological  sections 
of  the  Ileum  showed  a  shortening  and  blunting  of  villi  with  a 
moderate  decrease  in  the  crypt  to  villous  ratio.  A  slight  edema 
In  the  lamina  propria  and  dilation  of  the  lacteals  were  also 
apparent.  Numerous  lymphocytes  in  transmigration  were  found  In  the 
epithelium.  At  higher  magnification,  Giemsa  stained  sections  had 
multifocal  aggregates  of  strongly  basophilic,  round-to-ovold  bodies 
embedded  within  the  brush  border  at  the  apical  portions  of  villi 
(Fig.  l),  and  strongly  resembled  a  Cryptosporidia  previously 
observed  In  guinea  pigs  at  this  laboratory  (Jervis  et  al.,  1966). 
These  same  structures  could  be  seen,  less  distinctly  stained.  In 
H&E  sections. 

TEM  observations  showed  the  characteristic  ultrastructure  of 
various  stages  of  a  species  of  Cryptosporidium.  Microvilli  were 
completely  absent  wherever  the  organisms  were  located  along  the 
epithelial  surface.  The  organisms  were  closely  attached  to  the 
cell  surface  displacing  or  replacing  the  microvilli.  Adjacent 
microvilli  showed  at  times  some  apical  bleps  or  were  slender, 
Irregularly  shaped,  and  closely  associated  with  the  parasite. 

There  Is  an  electron  transUiscent  attachment  zone  (Fig.  2)  between 
parasite  and  host  cell  membranes.  The  intracellular  structures  of 
the  parasites  such  as  inclusions,  nuclei,  and  the  intraparasitic 
membranous  folds  were  similar  to  those  previously  described. 

At  magnification  greater  than  20,OOOX,  it  appeared  that  the 
organisms  were  surrounded  by  a  double  host  cell  membrane.  Just 
below  the  host  membrane  at  the  site  of  parasite  attachment,  a  dense 
band  Is  noted  that  occasionally  demonstrated  a  regular  serrated 
pattern  (Fig.  2).  Several  stages  of  the  life  cycle  of  Crypto¬ 
sporidia  were  recognized  from  the  implanting  merozoite,  to  shizonts 
and  oocytes;  these  were  comparable  to  those  illustrated  by  other 
Investigators. 

SEM  observations  offered  a  new  perspective  on  the  relationship 
of  the  parasite  to  the  gut  epithelium.  At  low  magnification,  the 
organisms  could  be  seen  around  structures  embedded  within  the  brush 
border.  More  noticeable  under  SEM  was  the  presence  of  elongated 


microvnii  tn  close  proximity  to  the  organism.  At  higher  magnifi¬ 
cation,  membrane  derivation  suggested  by  TFM  could  be  better  visual¬ 
ized  by  SEM.  Unique  surfaie  structures  approximately  the  width  of 
adjacent  microvilli  could  be  seen  when  a  favorable  viewing  angle 
was  obtained  (Fig.  4).  These  structures  appeared  to  be  continuous 
with  the  outer  membrane  of  the  parasite.  At  similar  magnifications, 
mature  schizonts  were  identifiable.  Their  8  merozoites  could  be 
seen  in  a  neatly  arranged  octet  presumably  held  in  that  arrangement 
by  a  central  residual  mass. 

Comment: 

The  parasite  structurally  resembles  C.  wrairi  from  the  guinea 
pig  (Jervis  et  al.)  and  other  Cryptosporidia  described  in  other 
species.  However,  if  we  assume  species  specificity  (Nimi,  1972, 
Kovatch,  1972,  and  Vetterling,  1971),  it  seems  likely  that  this 
organism  belongs  to  the  same  species  as  the  organism  first  reported 
by  Tyzzer  In  the  small  intestine  of  the  rabbit  which  he  assumed  to 
be  C.  parvum. 

From  our  TEM  observations,  it  appeared,  in  all  stages,  with 
the  exception  of  the  merozoite,  that  the  organism  was  intracellular, 
surrounded  by  a  double  membrane  of  host  cell  origin.  This  agrees 
with  the  data  presented  by  Vetterling  et  al .  (1970)  and  later  by 
Cockrell  (1974)  for  other  Cryptosporidia.  However,  SEM  micrographs 
strongly  suggest  the  possibility  that  we  were  viewing  tangential 
sections  and  that  the  organisms  were  actually  outside  the  cells. 

The  process  involved  in  the  attachment  of  the  Cryptosporidia 
or  their  penetration  of  the  epithelial  cells  is  perhaps  the  most 
intriguing  problem  which  the  organism  presents.  It  never  occurs 
in  areas  below  the  level  of  the  base  of  adjacent  microvilli  and  yet 
it  appears  to  be  surrounded  by  a  double  host  membrane.  It  suggests 
that  the  envacuolization  may  occur  by  a  process  in  which  the  host 
microvilli  envelop  the  organism  (Fig.  3)  and  fuse  with  adjacent 
microvilli  (Fig.  4). 

The  rabbit  is  an  economical  and  popular  animal  for  study  of 
enteric  pathogens.  In  this  laboratory,  we  have  seen  several  cases 
of  cryptosporidial  infection  in  the  rabbit  small  intestine  which 
limits  its  value  as  a  research  animal. 

Conclusion  and  Recommendation; 

LM,  TEM  and  SEM  observations  have  provided  additional  informa¬ 
tion  on  host-cryptosporidia  relationship  in  the  small  intestine. 

For  the  first  time,  SEM  observations  have  demonstrated  a  unique 
interaction  with  the  microvilli  of  the  intestinal  epithelial  cell. 


II.  Studies  on  Experimental  Neisseria  gonococcus  Infection 
Background: 

Numerous  investigators  have  tried  to  produce  experimental 
Neisserial  Infection  in  various  animals  by  different  modes  of 
infection  with  little  success.  Recently,  we  were  able  to  produce 
infections  in  adult  mice  and  guinea  pigs  by  Intranasal  inoculation 
of  freshly  isolated  Neisseria  gonococci  from  human  patients. 
Preliminary  observations  have  shown  that  mice  inoculated  with 
approximately  10'-10°  gonococci  developed  acute  pneumonia  with 
mild  leukocytic  infiltration. 

In  collaboration  with  Department  of  Bacterial  Diseases,  we 
are  continuing  to  develop  this  experimental  model  to  better  define 
the  mechanisms  of  acute  purulent  inflammation,  host  cell -bacterial 
relationship  and  imnu no pathology  of  this  infection. 

Preliminary  Results: 

After  intratracheal  inoculation  and  sequential  examination 
of  the  lung  of  mice  with  N.  gonococcus  infections,  a  progressive 
increase  of  bacteria  with  a  minimum  of  parenchymal  degeneration 
and  inflammation  was  found  (Fig.  5).  In  contrast,  guinea  pigs 
similarly  challenged  developed  an  acute  bronchopneumonia  charac¬ 
terized  by  progressive  acute  inflammation  with  parenchymal  degen¬ 
eration  at  24  hours  post-infection.  However,  the  bacteria  are 
usually  absent  (Fig.  6). 

Post- infection  2  hrs  4  hrs  6  hrs  24  hrs 

Mice  Acute  t  Acute  *  Acute  -  Acute  - 

inflam-  inflam-  inflam-  inflam¬ 
mation  mation  mation  mation 

Bacteria  +  Bacteria  +  Bacteria^^  Ba'cteria  ++ 


Guinea  Pig  Acute  -  Acute  *  Acute  i  Acute  +++ 

inflam-  inflam-  inflam-  inflam¬ 
mation  mation  mation  mation 

Bacteria  +  Bacteria  +  Bacteria  -  Bacteria  - 

We  will  expand  the  study  on  this  model  to  determine  the  mech 
anisms  causing  the  difference  of  tissue  reactions  and  the  role  and 
fate  of  the  bacteria  in  infected  mice  and  guinea  pigs. 


III.  Studies  on  Rickettsial  Infection 

A.  Studies  on  Stylostome  Formation  by  Leptotrombldium 
Mites  (ACARI:  Trombicul idae) . 

Background: 

There  are  at  least  seven  species  of  trombicul Id  mites,  all 
In  the  subgenus  Leptotrombidiu,  that  vector  Rickettsia 
tsutsugamushi,  the  etiologic  agent  of  scrub  typhus .  Considerable 
Information  exists  on  the  taxonomy,  ecology,  and  bionomics  of 
these  mites,  however,  a  little  Is  known  about  the  mechanism  of 
the  mite-host  Interrelationship  that  results  In  transmission  of 
R^.  tsutsugamushi  to  the  vertebrate  host.  It  was  suggested  that  the 
cel 1 ul ar  en V 1 ronmen t  at  the  site  of  larval  feeding  may  be  a  signifi¬ 
cant  factor  In  transmission  of  rickettsiae  both  from  and  to  the 
mite. 


For  these  reasons,  in  collaboration  with  Department  of 
Hazardous  Microorganisms,  WRAIR,  we  studied  histologic  changes  In 
mouse  skin  parasitized  by  the  larvae  of  both  vector  and  nonvector 
species  of  Leptotrombldium  in  order  to  characterize  the  local  host 
tissue  reactions  at  sites  of  feeding  and  also  to  define  the  stylo¬ 
stome  or  feeding  tube. 

Materials  and  Methods: 

Unengorged  larvae  of  the  various  Leptotrombldium  species 
were  applied  to  the  ears  of  whie  laboratory  mice.  Mice  were  then 
held  at  room  temperature  and  killed  at  24,  48  and  74  hr  intervals. 
Ears  were  excised,  fixed  and  examined. 

The  mites  were  reared  in  a  dual  program  incubator  programmed 
to  provide  alternating  periods  of  12  hrs  of  illumination  at  30C 
followed  by  12  hrs  In  darkness  at  25C  with  relative  humidity  at  or 
near  saturation  throughout  (e.g.,  conditions  of  temperature, 
humidity,  and  photo-periods  similar  to  those  of  a  typical  Malaysian 
habitat). 

Results: 

Classification  of  stylostome  formation.  Typical  pictures  of 
sections  of  mouse  skin  with  larvae  attached  are  shown  in  Fig.  7. 

At  24  hrs  after  attachment,  stylostoines  were  well -formed  and  showed 
characteristics  of  each  species  of  mite  involved.  Based  on  distinc¬ 
tive  differences  In  histological  morphology,  stylostomes  were  clas¬ 
sified  into  three  types.  The  first  type,  the  epidermal  stylostome, 
was  characteristic  of  L.  intermedium;  the  second,  the  mesenchymal 


stylostome,  was  characteristic  of  L.  fijtcheri;  and  the  third  type, 
was  the  mixed  stylostome  characteristic  of  U  arenicola  and  U 
deliense. 

The  epidermal  stylostome.  The  stylostome  formed  by  individual 
U  intermedium  was  a  cone-shaped  struct  ire  which  consisted  of  a 
central  canal ,  an  inner  wall  of  chroinophobic  materials,  and  an 
outer  wall  of  incorporated  epidermal  tissue.  The  material  which 
constituted  the  inner  wall  was  a  mass  of  uniform  thickness,  dis¬ 
tinctly  chromophobic  to  both  H&E  and  Giemsa  stains,  appearing  as  a 
homogeneous,  non-staining  material  around  the  central  canal.  In 
this  respect,  it  differed  from  eosinophilic  hyaline  material  seen 
in  the  mammalian  tissue.  It  was  probably  secreted  by  the  mite. 

The  outer  wall  made  of  host  epidermal  elements  molded  the  whole 
stylostome  into  a  cone-shaped  structure  with  its  tip  pointed  at 
the  epidermal -dermal  junction.  The  outer  wall  consisted  of  layers 
of  keratin  and  parakeratotic  cells.  Evidence  of  fresh  incorpora¬ 
tion  of  epidermal  cells  was  seen  in  the  outermost  layer.  Thus, 
the  hyperplastic  epidermis,  which  showed  spongiosis  in  the  prickle¬ 
cell  layer,  contained  the  whole  structure  of  the  stylostome.  The 
stylostome  penetrated  the  entire  depth  of  the  hyperplastic  epi¬ 
dermis,  with  its  tip  opening  to  tissue  spaces  developed  at  the 
epidermal -dermal  junction.  The  stylostome  did  not  extend  beyond 
the  epidermal -dermal  junction. 

The  mesenchymal  stylostome.  The  initial  stage  of  the  forma¬ 
tion  of  stylostome  in  L.  fl etcher i  appeared  to  be  similar  to  that 
of  L.  interrodium.  At  a  certain  stage  of  its  penetration  into  the 
epidermis,  however,  it  appeared  to  evoke  a  marked  chemotactic  effect 
on  leukocytes  and  became  completely  surrounded  by  a  dense  aggre¬ 
gate  of  inflammatory  cells.  As  a  consequence,  an  extension  of 
stylostome  penetrated  the  dermis  together  with  the  sheath  of  in¬ 
flammatory  cells.  The  mesenchymal  stylostome  therefore  was  com¬ 
posed  of  a  tube  of  chromophobic  material  of  mite  origin.  Instead 
of  a  thick  coat  of  epidermal  tissue,  a  thin  rim  of  eosinophilic 
hyaline  material  of  probable  inflammatory  tissue  origin  was  recogi- 
nized  over  the  outer  surface  of  the  tube.  The  inner  surface  was 
coated  by  a  thin  rim  of  eosinophilic  material,  probably  derived 
from  a  combination  of  host  tissue  fluid  and  salivary  secretions  of 
the  mite. 

The  mixed  stylostome.  The  stylostome  of  L.  arenicola  and  L. 
deliense  were  very  similar  in  histological  appearance.  This  type 
of  stylostome  showed  the  characteristics  of  an  epidermal  stylostome 
in  the  epidermal  portion  and  those  of  a  mesenchymal  stylostome  in 
the  dermal  portion.  The  mixed  stylostome  incorporated  epidermal 
elements  less  conspicuously  into  its  epidermal  portion  than  the 
epidermal  stylostome,  and  showed  a  sheath  of  inflammatory  cells 


surrounding  epidermal  elements.  The  dermal  portion  of  the  mixed 
stylostome  tended  to  extend  in  parallel  to  the  overlying  epidermis. 

Evaluation  of  the  host  lesion  and  the  fate  of  the  stylostome. 
All  stylostomes  were  surrounded  by  a  considerable  Inflammatory 
reaction  In  the  underlying  dermis  at  24  hrs  and  48  hrs,  which  con¬ 
sisted  of  vascular  dilatation,  extravascular  exudation,  and  Inflam- 
iiHtory  cell  infiltration.  Dermal  inflammation  was  most  pronounced 
in  the  mesenchymal  stylostome,  intermediate  in  the  mixed  stylostome 
and  least  pronounced  in  the  epidermal  stylostome.  Oegranulated 
mast  cells  were  frequently  seen  in  the  inflammatory  area  of  the 
dermis. 

After  the  mite  left  the  host  at  72  hrs,  the  epidermal  stylo¬ 
stome  showed  degeneration  and  keratinization  of  the  outer  wall. 

The  stylostome  was  walled  off  by  a  sheet  of  epidermal  cells  and 
thereafter  expelled  from  the  skin.  With  the  sloughing  of  the 
stylostome,  dermal  inflammation  subsided  rapidly.  Upon  detachment 
of  the  chigger,  the  mesenchymal  stylostome  remained  embedded  in 
host  dermal  tissue.  This  stylostome,  surrounded  by  granulomatous 
tissue,  was  probably  expelled  from  the  host  when  overlying  tissue 
ulcerated. 

Comparison  of  the  lesion  resulting  from  the  feeding  of  either 

norrol  or  infected  miteF!  Normal  and  infected  larvae  of 
fletcheri  both  produced  typical  mesenchymal  stylostomes.  The 
presence  of  R.  tsutsugamushi  in  the  mite  did  not  appear  to  alter 
the  histologTc  picture  at  the  site  of  feeding  during  the  study. 

Small  particles  resembling  rickettsiae  were  apparent  in  large 
mononuclear  cells  adjacent  to  stylostomes  of  infected  mites  in 
Giemsa-stained  sections;  however,  in  this  study  the  particles 
could  not  be  specifically  identified  as  R.  tsutsugamushi . 

Conroent: 

There  is  a  general  agreement  on  the  process  of  initial  pene¬ 
tration  of  the  skin  by  the  trombiculid  mite  larva.  They  attach 
themselves  to  the  host  skin  by  piercing  the  horny  layer  with  the 
cheliceral  blades,  apply  their  buccal  aperture  to  the  surface  of 
the  host  skin,  and  seal  the  juncture  with  a  hyaline  mass  which  in 
time  solidifies  into  a  solid  gel.  Observations  on  living  mites 
have  shown  that  they  than  inject  a  complex  salivary  secretion, 
which  penetrates  the  epidermal  layer  and  rapidly  gels  to  form  a 
hyaline  tube  with  a  central  canal  or  stylostome  (Jourdain,  1899, 
Jones,  1950,  Willmann,  1955,  Schumacher  and  Hoeppli,  1963,  and 
Cross,  1964K  During  feeding,  the  mite  alternates  phases  of  suc¬ 
tion  of  host  tissue  Juice  and  ejection  of  its  salivary  secretions 
through  the  stylostome.  The  digestive  fluids  probably  contain 


lytic  enzymes  and  anti-coagulants  that  cause  disruption  of  host 
epidermal  cells  (Jones,  1950). 

The  chemical  property  of  the  chromophobic  gel  of  mite  origin 
Is  not  clearly  defined.  Histochemically,  proteins,  lipids,  neutral 
polysaccharides,  keratin,  keratohyal Ine,  and  nucleic  acids  have 
not  been  demonstrated  (Aoki,  1957  and  Voigt,  1970).  These  nega¬ 
tive  tinctorial  properties  suggest  that  the  stylos tome  per  se 
does  not  originate  from  host  tissue.  Positive  tinctorial  proper- 
tles  show  a  fibrillar  nature  as  revealed  bv  elastic  and  reticulum 
fiber  stains  (Aoki,  1957,  and  Volght,  1970).  and  an  acid  poly¬ 
saccharide  component  (Schumacher  and  Hoeppll,  1963,  and  Volght, 
1970). 

Some  confusion  has  arisen  concerning  the  morphogenesis  of  the 
stylostome  due,  perhaps,  to  the  fact  that  stylostomes  were  studied 
without  particular  regard  to  the  different  species  involved 
(Gudden,  1871,  Andrea,  1927,  Feng  and  Hoeppli,  1933,  Jones,  1950, 
Aoki,  1957,  Schumacher  and  Hoeppli,  1963,  and  Volght,  1970).  While 
Volght  (1970)  stated  that  there  are  no  differences  in  the  develop¬ 
ment  of  the  stylostomes  within  the  various  kinds  and  species  of 
trombiculids,  stylostomes  in  our  studies  showed  distinctive 
characteristics  of  an  individual  species.  For  example,  the 
stylostome  of  1.  fletcherl  can  be  clearly  distinguished  from  those 
formed  by  L.  intermedium,  L.  arenicola,  and  L.  dellense.  However, 
the  stylostomes  of  L.  arenTcola  and  L.  dellense  could  not  be  dif¬ 
ferentiated  from  each  other  This  proves  that  in  this  type  of 
Investigation  we  must  deal  with  as  divergent  species  of  trombiculid 
mites  as  possible. 

It  has  been  generally  accepted  that  the  stylostome  is  formed 
exclusively  of  chigger  secretion.  In  contrast,  the  present  study 
has  demonstrated  that  stylostome  formation  appears  to  result  from 
an  Interaction  of  both  chigger  secretion  and  host  tissue.  Further, 
the  type  of  stylostome  formed  may  depend  on  the  composition  of 
salivary  secretions  injected  by  a  particular  species  of  chigger. 
Jones  (1950)  in  studies  of  feeding  tubes  confined  to  the  epidermis, 
concluded  that  the  eosinophilic  hyaline  mass  of  the  stylostome  is 
not  formed  of  solidified  mite  secretion,  but  is  principally  com¬ 
posed  of  superimposed  layers  of  keratinized  host  tissue  deposited 
along  the  track  of  the  irritant  mite  secretion.  From  this  it  Is 
evident  that  Jones  has  only  described  the  epidermal  tissue  elements 
of  the  epidermal  type  of  stylostome.  We  found  that  this  type  In¬ 
corporates  an  Impressive  amount  of  host  epidermal  tissue  elements 
around  the  basic  tubular  structure  of  chromophobic  material  secreted 
by  the  chigger.  In  contrast,  the  mesenchymal  stylostome  of  L. 
fl etcherl  Incorporated  a  minimal  amount  of  eosinophilic  hyalTne 
material  of  probable  host  origin,  suggesting  a  varied  tissue  re¬ 
sponse  resulting  from  a  species  specific  salivary  secretion. 


Host  skin  reacts  to  a  penetratini)  siylostome  in  two  ways: 
epidermal  hyperplasia  and  dornial  inf  lamination.  Whether  or  not 
the  chigger  secretes  an  active  substance  which  incites  prolifera¬ 
tion  of  epidermal  cells  is  unknown  at  present,  although  Jones 
(1950)  has  reported  that  epidermal  hyperplasia  resulted  from  an 
irritant  secretion  of  the  larvae.  Inflammation  seems  to  be  caused 
by  some  specific  substance  produced  by  the  feeding  larval  mite 
since,  while  intradermal  injection  of  homogenized  L.  fletcheri 
larvae  does  not  produce  appreciable  inflammation  at  the  site  of 
inoculation,  dermal  inflammation  at  the  feeding  site  extends  con¬ 
siderably  from  the  stylostome.  Indeed,  chiggers  which  form 
mesenchymal  or  mixed  stylostomes  apparently  secrete  a  potent  chemo- 
tactic  substance  because  these  stylostomes  are  rapidly  surrounded 
by  dense  aggregates  of  inflammatory  cells  even  while  still  in  the 
epidermal  layer.  Inflammation  at  the  feeding  site  of  mite  larvae 
unquestionably  enhances  the  efficiency  of  the  feeding  process  by 
breaking  down  tough,  collagenous  dermal  tissue.  The  abundant 
tissue  fluids  containing  numerous  wandering  cells  would  seem  to  be 
an  entirely  suitable  milieu  for  R.  tsutsugamushi . 

It  is  interesting  that  the  only  species  in  this  study  that 
produced  an  epidermal  stylostome.  viz.  intermedium,  has  never 
been  shown  to  transmit  !R.  tsutsugamushi .  L.  fletcheri, 
arenicola,  and  L.  del  iense.~Tri~  proven  vectors,  formed  mesenchymal 
or  mixed  types  of  stylostomes.  Certainly,  the  induction  of  inflam¬ 
matory  changes  in  the  tissue  adjacent  to  the  stylostome  seem 
favorable  both  for  uptake  of  rickettsiae  from  infected  hosts  and 
for  rickettsial  transmission  to  the  host.  Therefore,  the  mesechy- 
mal  and  mixed  stylostomes  which  cause  severe  inflammation,  penetrate 
deeper  into  the  host  tissue  and  leave  residual  granulomatous  foci, 
in  comparison  with  the  epidermal  stylostome,  which  appear  to  preclude 
favorable  condition  for  rickettsial  transmission  in  the  host  dermal 
tissue. 

Conclusion  and  Recommendation: 

The  modes  of  stylostome  formation  by  larvae  (chiggers)  of 
Leptotrombidium  intermedium.  1..  fletcheri .  L.  arenicola,  and  1. 
deliense  in  parasitized  mouse  skin  were  studied  histologically  in 
relation  to  their  capacity  to  transmit  Rickettsia  tsutsugamushi. 

Based  on  dermal  inflammations,  three  types  of  stylostome  formations 
were  histologically  defined  among  the  different  species:  the  epi¬ 
dermal  stylostome  formed  by  the  Larva  of  I .  intermedium;  the 
mesenchymal  stylostome  formed  by  the  larva  of  fletcheri ;  and, 
the  mixed  stylostome  formed  by  the  larva  of  both  L.  arenicola  and 
1^,  del  iense. 

Additional  studies  with  vector  o.^r.-woo»r,»>  criorioc  3,^0 


indicated  to  confirm  the  possible  correlation  between  type  of 
stylostome  and  vector  efficiency. 

B.  Electron  Microscope  Study  of  Mouse  Capillary  Endothelium 
Infected  with  Rickettsia  tsut^ugamushi. 

Rickettsiae  enter  the  bloodstream  and  infect  capillary  endo¬ 
thelial  cells  throughout  the  body.  Yet  little  is  known  about 
the  morphologic  character  of  the  resultant  vascular  lesions. 

For  this  reason,  we  have  been  studying  the  capillary  endo¬ 
thelium  of  BALB/c  mouse  cerebellum  to  ascertain  the  suitability 
for  study  of  these  lesions  by  TEM.  Mice  were  sacrificed  6  days 
after  intravenous  inoculation  of  1.2x10°  50%  mouse  lethal  doses 
of  egg-grown  tsutsugamushi ,  strain  Karp. 

Results: 

Rickettsiae  were  identified  free  within  endothelial  cytoplasm. 
When  infected  and  control  endothelial  cells  were  compared,  infected 
endothelial  cells  were  swollen  and  contained  increased  numbers  of 
mitochondria  and  lysosomes.  Occasional  giant  mitochondria  were 
found  in  infected  cells.  There  were  focal  perivascular  hemorrhages 
and  intravascular  fibrin  thrombi.  However,  the  junctional  complex 
and  basal  lamina  of  endothelium  and  pericytes  remained  unchanged. 

These  results  suggest  that  capillary  endothelial  cells  respond 
to  rickettsial  infection  with  hypertrophy  rather  than  degeneration 
and  their  cytoplasmic  changes  represent  a  morphologic  expression 
of  altered  cellular  metabolism  of  infected  cells. 
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Fig.  1.  Cryptosporidiosis  of  the  small 
Intestine  of  a  rabbit.  Round  structures  repre 
sent  Cryptosporidia  at  the  brush  border  of  epi 
thelial  cells.  X600. 


Fig.  2.  Electron  micrograph  showing  a  sporozoite 
at  the  brush  border  of  an  epithelial  cells.  Adjacent 
to  the  parasite,  the  microvilli  (MV)  are  elongated. 
Mitochrondia  are  swollen  and  show  altered  cristae 
XI 4, 000. 
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Fig.  3.  Low  magnification  scanning  electron 
micrograph  of  proximal  ileum  showing  Cryptosporidia 
embedded  in  the  brush  border  of  several  epithelial 
cells.  This  view  also  shows  microvillar  changes 
in  many  of  the  parasitized  cells.  X4,000. 


Ftg.  4,  Mature  schizone  with  eight  distinct 
merozoites.  Tyzzer  (1912)  saw  these  in  stained  cecal 
scrapings  and  thought  they  were  held  together  by  a 
central  mass  of  residual  material.  X34.000. 


Fig,  5.  Lung,  mouse  infected  intratracheal 1y 
with  gonococcus.  12  hours  post-challenge.  Aggre¬ 
gates  of  bacteria  are  mainly  in  the  alveoli  and  some 
appear  within  macrophages.  Note  that  there  are  few 
inflarmatory  cells.  X400. 
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!.t(U1  Research  efforts  in  this  department  continue  to  he  directed  toward  Castrointestina 
liseases  of  military  importance.  I'ocus  is  on  enteropathogcnic  bacterial  diarrheal  dis- 
•ase  including  pathogenic  li.Coli,  S.i Imonc I  los i s  and  .Shigellosis.  These  have  critical 
\ilitary  relevance  because  of  their  influence  on  troop  mobility.  Studies  are  also  per- 
'ormed  on  the  determinants  of  fibrosis  in  parasitic  liver  disease  (schistosomiasisl . 

4(U)  Studies  of  bacterial  diarrhea  are  being  conducted  in  ^  general  areas  U  Pharmacolo 
;ic  modification  of  effects  of  infections  on  intestinal  transport  and  motility.  2)  In- 
estinal  cell  membranes  as  determin.int s  of  bacterial  coloni z.ition .  '  .^1  Ceiliilar  immune 
•esponse  to  intestinal  infection.  Studies  utilized  in  vivo  intestinal  perfusions  of 
•ahbits  and  rats,  rat  ileal  loop  models,  Hssing  chambers,  in  vivo  recording  of  intestina 
lyoelectric  activity  and  in  vitro  agglutination  of  intestinal  membrane  fractions.  Iso- 
ation  and  functional  characterization  of  intestinal  l)mphocytes  is  performed. 

.Sill)  77  10  -  78  (19,  Transport  aiul  mot  i  1  i t y  mechanisms  by  which  methylprodnisone  and 
ither  drugs  increase  mucosal  water  and  electrolyte  absorption  are  studied  in  vitro.  The 
ffect  of  pressure  and  distention  on  intestinal  secretion  and  the  response  of  intestinal 
lyoelectric  activity  to  enteric  infection  is  studied.  Cell  Membranes  -  utilizing  a  mmle 
if  adherence  of  pathogenic  I  .Cioli  to  the  intestinal  cell  sur/ace,  the  mucosal  receptor 
or  bacteria  has  been  solubilized,  characterization  is  proceeding  and  the  effect  of  IgA 
n  adherence  is  studied.  Immunology  intestinal  lymphocytes  are  isolated  from  animals 
ith  enteric  infections  t he i r  func t i on  det ermined. and  a  suppressor  effect  on  these  lym- 
hocytes  documented.  Liver  l~ibcosi-.  -  rale  limiting  steps  in  hepatic  fibrosis  and  their 
harmacologic  modification  are  studied,  lor  technical  report  see  Walter  Reed  Army 
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Description 

The  research  activities  in  this  Department  have  continued  to 
focus  on  the  toxigenic  and/or  invasive  enteropathogenic  diarr¬ 
heal  diseases  caused  by  E.Coli,  Salmonella,  Shigella  and,  to 
a  lesser  extent.  Cholera.  Three  basic  sets  of  questions  are 
being  asked  about  the  pathogenesis  of  these  diseases. 

a.  Pathophysiology  of  Intestinal  Transport  -  What  enzy¬ 
matic  and  hormonal  mechanisms  mediate  bacterial -induced  se- 
creation  of  water  and  electrolytes  by  the  intestine?  What  are 
the  normal  mechanisms  for  salt  and  water  absorption?  How  do 
absorptive  and  secretory  mechanisms  interact?  Do  they  share 
any  pathways?  Can  pharmacologic  agents  increase  salt  and  water 
absorption  in  the  face  of  infection  or  decrease  secretion  in¬ 
duced  by  bacterial  toxins? 

b.  Role  of  Host  Immune  Mechanisms  -  How  do  disease  caus¬ 
ing  bacteria  interact  with  the  normal  cellular  (lymphocyte, 
macrophage,  polymorphonuclear  leukocyte)  and  humoral  (antibody) 
immune  defense  mechanisms  in  the  intestine?  What  are  the  most 
effective  means  of  inducina  active  cellular  and  humoral  immu¬ 
nity  to  enteric  infection  (i.e.,  how  can  an  effective  vaccine 
for  enteric  infection  be  produced?  What  factors  (antibody, 
complement)  enable  lymphocytes  to  kill  enteric  bacteria  in 
vitro?  Are  these  factors  of  equal  importance  in  an  in  vivo 
model  of  enteric  infection? 

c.  Role  of  Intestinal  Surface  Characteristics  -  How  do 
disease  causing  bacteria  interact  with  the  surface  of  the  gastro 
intestinal  tract?  What  characteristics  of  this  intestinal 
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surface  permit  disease  causing  bacteria  to  adhere  to  and  colo¬ 
nize  the  small  intestine?  What  characteristics  of  the  Intes¬ 
tinal  surface  permit  specific  Interactions  with  toxins  produced 
by  bacteria.  Can  specific  Interactions  of  bacteria  or  their 
toxins  be  altered  by  orally  administered  agents? 

In  addition)  studies  on  liver  fibrosis  in  schistosomiasis, 
which  Is  the  most  prevalent  form  of  serious  liver  disease  world¬ 
wide,  have  been  Initiated.  Liver  fibrosis  Is  that  process  that 
determines  reversibility  or  progression  to  chronic  Illness  In 
all  liver  disease  and  the  key  biochemical  event  In  this  process 
Is  the  deposition  of  collagen.  Studies  In  this  Department  have 
focused  on  collagen  metabolism  In  liver  tissue  from  two  animal 
models  of  schistosomiasis  as  well  as  from  patients  with  this 
disease. 

Progress  and  Results: 

A  role  for  Na‘''-K'’‘-act1vated  adenosine  triphosphatase  (Na-K-ATP- 
ase)  In  Intestinal  sodium  and  water  absorption  under  basal  con¬ 
ditions  has  not  been  demonstrated  in  vivo.  To  delineate  this 
role,  adjacent  rabbit  ileal  loops  were  simultaneously  perfused 
In  vivo  with  a  R1nger-HC03  solution.  The  perfusate  was  then 
changed  In  one  of  the  loops  to  a  Ringer-HC03  solution  con¬ 
taining  ouabain.  After  the  perfusion,  each  loop  was  assayed 
for  Na-K-ATPase  and  Mg-ATPase  activities.  Perfusion  with  19.2 
mM  ouabain  produced  net  sodium  and  water  secretion  and  a  32% 
reduction  in  Na-K-ATPase  activity.  Ouabain  perfusion  did  not 
alter  the  activity  of  Mg-ATPase  or  affect  histology.  When  a 
Ringer-HCO;}  solution  containing  15  mM  glucose  was  perfused, 
ouabain  reduced  glucose  absorption  by  50%.  As  predicted  from 
the  known  competition  between  ouabain  and  potassium  for  a 
Na-K-ATPase  receptor  site  in  vitro,  ouabain-induced  Intestinal 
secretion  and  Na-K-ATPase  inhibition  could  be  reversed  with  a 
R1nger-HC03  solution  containing  25  mM  KC1.  These  results 
suggest  that:  1)  mucosal  Na-K-ATPase  plays  an  Important  role 
In  the  ileal  absorption  of  sodium,  glucose,  and  water  under 
basal  conditions;  and  that  2)  an  underlying  intestinal  secre¬ 
tory  process  exists  as  revealed  by  the  selective  in  vivo 
inhibition  of  Intestinal  absorption.  (15) 

Basic  mechanisms  of  electrolyte  transport  In  the  rat  Ileum 
were  defined  using  In  vitro  techniques.  (1)  The  short-circuit 
current  (Isc),  potential  difference  (PD),  tissue  conductance 
(6t),  and  Na  and  Cl  fluxes  in  the  short-circuit  state  across 
the  rat  ileum  were  studied  in  Ussing  chambers  using  a  variety 


1  ■-  . » 


of  bathing  solutions.  In  HCO^-RInger  solution,  net  Na 
absorption  was  not  significantly  different  from  zero,  net  Cl 
secretion  was  observed,  and  I sc  exceeded  the  algebraic  sum 
of  net  Na  and  Cl  transport.  Addition  of  10  mM  glucose  In¬ 
creased  Isc,  PD.  Gt,  unidirectional  mucosa  (M)-to-serosa(S) 

Na  flux,  and  net  na  absorption  which  accounts  for  mostly  the 
Increase  In  Isc.  Removal  of  HCO3  bathing  solution  did 

not  alter  any  of  the  transport  parameters  except  decreased  the 
unidirectional  M-to-S  Cl  movement  and  increased  net  Cl  secre¬ 
tion.  5015  reduction  of  the  Cl  concentration  in  the  HC03-free 
solution  decreased  the  net  Cl  secretion  to  the  level  of  that 
In  HC03-R1nger  solution  and  increased  net  Na  absorption.  In 
Cl-free  solution,  Isc  was  only  50%  of  that  in  HC03-R1nger 
solution  and  was  equal  to  net  Na  absorption.  The  Isc  and  PD 
were  reduced  to  values  near  zero  and  net  Cl  transport  was 
abolished  by  removing  Na  from  the  bathing  solution.  These 
results  are  consistent  with  the  mechanism  of  electrolyte  trans¬ 
port  In  the  rat  ileum  that  includes:  an  electrogenic  Na  absor¬ 
ption;  and  electrogenic  Cl  secretion;  a  neutral  NaCl  secretion; 
and  a  Cl  absorption-HCOa  secretion  exchange  system. 

The  effects  of  methyl  prednisolone  administration  on  electro¬ 
lyte  transport  in  vitro  rat  ileum  were  next  studied.  (2) 
Administration  of  the  glucocorticoid  methyl  prednisone,  3  mg/100 
g  of  body  weight  for  3  days,  in  intact  rats  increased  intes¬ 
tinal  mucosal  guanylate  cyclase  and  Na-K-ATPase  activities, 
short-circuit  current  (Isc),  potential  difference  (PD),  net  Na 
absorption  and  net  Cl  secretion  and  reserved  HCO3  transport 
(represented  by  a  residual  ion  flux,  Jr)  from  secretion  to  ab¬ 
sorption  In  isolated  ileal  mucosa.  At  6  hr  after  a  single 
dose  of  methyl  prednisolone,  the  stimulation  of  guanylate 
cyclase  activity  was  already  maximal  whereas  Na-.K-ATPase  act¬ 
ivity  was  not  altered.  The  associated  changes  in  intestinal 
transport  properties  with  the  increased  guanylate  cyclase 
activity  were  an  increase  in  Isc  and  PD  and  an  inhibition  of 
net  Na  and  Cl  absorption.  These  results  suggest  that  an  ini¬ 
tial  response  to  methyl  prednisolone  administration  is  a  per¬ 
sistent  Increase  in.  intestinal  guanylate  cyclase  activity  that 
mediates  an  increase  in  Isc  and  PD  and  an  inhibition  of  Na  and 
Cl  absorption,  then  followed  by  a  superimposed  effect  of  in¬ 
creased  Na-K-ATPase  activity  that  mediates  further  increases 
In  Isc,  PD,  and  net  Na  absorption.  The  third  effect  of  methyl - 
prednisolone  is  the  reversal  of  HCO3  transport  and  its  mechanism 
is  not  known. 


he  effects  of  methyl  prednisolone  admin ' stration  on  the  Intes¬ 
tinal  mucosal  enzyme  guanyl ate  cyclase  was  also  studied.  (16) 

The  role  of  the  intestinal  mucosal  enzyme  guanylate  cyclase 
(GC)  in  intestinal  water  and  electrolyte  transport  is  unclear. 
Increased  GC  activity  or  cGMP  content  have  been  associated 
with  both  catecholamine  induced  increases  in  intestinal  ab¬ 
sorption  and  with  heat  stable  E.Coli  enterotoxin  induced 
secretion.  To  further  study  the  role  of  GC  in  intestinal  trans¬ 
port,  we  examined  the  effect  of  methyl  prednisolone  (MP)  treat¬ 
ment  on  intestinal  mucosal  GC  specific  activity.  Rats  were 
injected  subcutaneously  with  MP,  3mg/100  g  b.w.,  and  GC  act¬ 
ivity  measured  at  varying  times  in  whole  homogenates  of  rat 
ileal  mucosa  by  a  modification  of  methods  of  Krishnan  and 
Nesbitt.  A  significant  increase  in  GC  activity  was  observed 
as  early  as  6  hours  after  MP  treatment  (1,144  +  107  vs.  754  + 

64  p  moles  cGMP/mg  protein/10  min,  p  0.05).  This  increase  in 
GC  GC  activity  progressively  increased  between  6  and  48  hours 
(1,330  +  56  p  moles  cGMP/mg  protein/10  min)  after  MP  injection 
and  was  not  increased  by  further  injections.  Mucosal  Na-K- 
ATPase  specific  activity  was  not  increased  until  16  hours 
following  MP  injection.  These  studies  demonstrate  that:  1)  MP 
increases  intestinal  mucosal  GC  specific  activity  as  early  as 
6  hours  after  treatment;  2)  The  MP  induced  increase  in  GC  activ¬ 
ity  precedes  the  MP  induced  increase  in  Na-K-ATPase  activity 
and  may  precede  the  MP  induced  increase  in  intestinal  absorption 
of  water  and  electrolytes.  The  functional  significance  of  in¬ 
creased  levels  of  intestinal  mucosal  GC  in  intestinal  absorption 
remains  to  be  determined. 

It  has  been  reported  that  the  lactamimide  RMI  12330A  inhibits 
the  cholera  toxin  (CT)-stimulated  intestinal  fluid  hyper¬ 
secretion  and  AC  activity  in  the  rat.  Our  studies  were  de¬ 
signed  to  further  characterize  the  inhibitory  effects  of  RMI 
12330A.  (17)  The  effects  of  RMI  12330A  on  the  total  ionic 
transport  (represented  by  the  short-circuit  current,  Isc,  by 
definition),  electrical  potential  difference  (PD),  and  tissue 
conductane  (G)  in  stripped  rabbit  ileum  bathed  in  Ringer's- 
HCO3  solution  were  studied  in  Ussing  chambers.  Normal  tissues 
and  tissues  treated  with  purified  cholera  toxin  (50  ug/ml/15  cm 
loop)  in  vivo  for  at  least  4  hrs  were  used.  At  10-5  and  10-^M, 
RMI  12330A  slightly  decreased  the  Isc  and  PD  but  did  not  change 
G.  10-3m  RMI  12330A  abolished  the  Isc  and  PD  in  approximately 
30  min  and  increased  G  two  to  three  fold  in  one  hr.  This  effect 
was  irreversible  and  the  response  of  Isc  and  PD  to  10  mM  glucose 
or  theophylline  was  also  abolished.  Mucosal  AC,  Na-K-ATPase, 
and  Mg-ATPase  activities  were  measured  with  mucosal  scrapings 
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Incubated  in  the  presence  and  absence  of  10"3m  RMI  12230A  as 
a  function  of  time.  The  basal,  fluoride-,  and  CT-stimulated 
^  AC  activities  were  decreased  rapidly  and  were  eventually  abo¬ 

lished  in  50  min.  Na-K-ATPase  and  Mg-ATPase  activities  were 
also  decreased  by  RMI  12330A:  respectively  being  abolished  and 
Inhibited  more  than  50%  in  50  min.  These  results  indicate 
that  the  action  of  RMI  12230A  at  10“^M  has  several  effects: 

1)  inhibition  of  multiple  intestinal  enzyme  systems  and  2) 
abolition  of  active  ion  transport  and  destruction  of  tissue 
intergrity  as  shown  by  the  electrical  data.  Finally,  the 
above  would  suggest  that  the  use  of  RMI  12330A  as  an  inhibitor 
of  stimulated  intestinal  secretion  is  questionable. 

It  has  previously  been  shown  that  Shigella  produces  not  only 
the  well  known  dysentery  but  also  a  watery  diarrhea.  While  it 
has  been  demonstrated  that  this  is  due  to  a  toxin  -  no 
thorough  study  of  the  toxin's  effect  on  transport  has  been  made. 
The  procedure  of  these  experiments  (3)  was  to  first  inoculate 
a  closed  ileal  loop  with  toxin.  After  four  hours  the  segment 
was  removed,  washed  with  saline,  the  muscularis  mucosae  re¬ 
moved,  and  the  tissue  mounted  in  standard  Ussing  chambers.  A 
loop  from  the  same  animal  and  inoculated  with  saline  was  pre¬ 
pared  in  an  identical  manner.  The  potential  difference  (Pd), 
conductance  (G),  short-circuit  current  (Isc),  Na  and  Cl  fluxes 
were  measured. 

The  results  showed  no  effect  on  the  electrical  parameters  and 
secretion  of  Na  and  Cl.  The  unidirectional  fluxes  revealed 
that  this  was  secondary  to  a  movement  of  Na  and  Cl  from  the 
serosal  to  the  mucosal  side  with  no  change  in  their  mucosal  to 
serosal  movement.  This  is  distinctly  different  from  other 
secretagoues,  i.e.,  cholera  toxin,  and  E.Col i  toxin,  and  sug¬ 
gests  a  new  mechanism  for  stimulating  secretion.  Further 
studies  are  needed  to  more  clearly  define  this  mechanism. 

Shi  gel 1  a  dysenteri ae  is  an  organism  capable  of  invading  the 
Sowel  wall  and  may  produce  a  toxin  called  Shi  gel! a  dysenteri ae 
I  enterotoxin  of  Shiga  toxin  (ST).  ST  is  distinctly  di fferent 
from  the  enterotoxin  of  Vibrio  cholera.  This  laboratory  has 
previously  defined  the  presence  of  an  oraanized  complex,  the 
migrating  action  potential  complex  (MAPC),  in  response  to  cholera 
toxin  (CT).  In  the  present  study  (18)  we  used  myoelectric  re¬ 
cording  techniques  to  investigate  and  characterize  the  effects 
of  ST  on  the  small  intestine.  New  Zealand  white  rabbits  were 
used  for  all  studies.  The  model  consisted  of  an  in  vivo  12-cm 
ileal  loop  to  which  4  Ag-Ag  Cl  electrodes  were  sewn  to  the 
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serosa  of  the  small  intestine  above  the  ileal  loop.  A  large 
catheter  was  inserted  above  the  loop  for  outflow  of  luminal 
contents.  A  1:300  dilution  of  ST  was  infused  into  the  ileal 
loop  at  a  rate  of  0.15  ml /min.  Repetitive  bursts  of  action 
potentials  (RBAP)  and  MAPC  activity  occurred  in  the  ileal  loop 
at  a  mean  frequency  of  4.5  and  1.1/hr,  respectively.  No  fluid 
output  from  the  distal  loop  catheter  was  noted.  RBAP/MAPC  act¬ 
ivity  was  also  observed  in  the  proximal  small  intestine  above 
the  loop  in  response  to  the  ST  infusion  at  a  mean  frequency  of 
5.2  and  0.5/hr,  respectively.  The  mean  onset  time  for  all 
activity  was  3.5  hr.  The  following  studies  demonstrated  that 

1)  ST  induced  3  myoelectric  responses,  RBAP  and  MAPC  activity; 

2)  both  types  of  activity  occurred  within  the  infused  loop  and 
the  noninfused  small  intestine  above  the  ileal  loop;  3)  there 
was  more  RBAP  activity  than  MAPC  activity;  and  4)  myoelectric 
activity  occurred  in  the  ileal  loop  with  no  fluid  accumulation. 
These  studies  suggest  that  the  alteration  in  myoelectric  act¬ 
ivity  may  be  responsible  in  part  for  the  clinical  syndrome  of 
Shigella  infection. 


The  mechanism  of  serotinin  induced  electrolyte  secretion  in 
rabbit  ileum  was  studied  in  vitro.  Serotonin  has  been  impli¬ 
cated  in  the  diarrhea  of  carcihoi d  syndrome  and  in  vivo  intes¬ 
tinal  secretion  has  been  shown  to  be  induced  by  this  agent  in 
the  rabbit.  In  these  studies,  (19)  stripped,  short-circuited 
tissues  bathed  by  Ringer-HCOs  solution  were  found  either  to 
spontaneously  absorb  net  Cl  from  mucosa  (M)  to  serosa  (S)  (Cl- 
absorbers)  or  to  secrete  net  Cl  from  S  to  M  (Cl -secretors) . 

In  the  Cl-absorbers,  2.6  X  lO'^M  serotonin  creatinine  sulfate 
(5-HTCS):  1)  decreased  M  to  S  Na  and  Cl  fluxes  (j}jj|  and 

equally  and  decreased  the  tissue  conductance  (G),  2)  reversed 

net  Na  and  Cl  fluxes  (J[||t  and  from  absorption  to  secret¬ 

ion,  and  3)  did  not  change  the  snort-circuit  current  (Isc), 

PD,  J-L  or  the  residual  ion  flux  (Jr).  In  Cl -secretors , 
5-HTCS  only  increased  PD  and  decreased  G.  2.6X10"6m  5-HTCS. 
in  both  Cl-absorbers  and  Cl -<;ecret.nr«:  r  11  inrrpa^pd  .iNa.  .iP 
Jr,  and  PD,  2)  decreased 
did  not  alter  Isc.  At  2. 
noted.  These  results  suggest  1)  the  existence  of  Cl-absorbers 
and  Cl-sercetors  in  ordinary  rabbits,  2)  the  present  of  se¬ 
parate  basal  absorptive  and  secretory  Cl  transport  processes, 

3)  that  5-HTCS  inhibits  a  basal  coupled  NaCl  absorptive  process, 
and  4)  that  2.6X10-6m  5-HTCS  stimulates  a  Cl  and/or  HCO3  neu¬ 
tral  secretory  process. 


)  and  decreased  G.  Z.6XIO-0M  b-HTCS. 

I  Cl -secretors  :  l)^increased  jNa,  JP, 

’  ^ms*  ^nlf  '^net* 
:.6?tO-5r5-H'??l,  nS  effects  were 


The  effect  of  altered  intestinal  water  transport  on  rabbit  ileal 


blood  flow  was  Investigated.  (20)  A  method  Is  described  for 
measurlna  Ileal  blood  flow  In  the  anesthetized  (sodium  pento> 
barbital)  rabbit  by  the  Intraventricular  Injection  of  micro¬ 
spheres  (15  urn)  labeled  with  l^lcerium  or  Sichromium  In  which 
the  amount  of  labeled  microspheres  lodging  In  the  tissue  Is 
proportional  to  the  blood  flow.  Blood  flow  to  the  Ileal  mu¬ 
cosa  plus  submucosa  could  be  seperated  from  flow  to  the  Ileal 
muscularls  propria  plus  serosa  by  this  method.  Simultaneous 
and  sequential  Injections  of  radiolabeled  microspheres  give 
similar  measurements  of  Ileal  blood  flow  and  microsphere  In¬ 
jection  did  not  affect  ileal  histology  or  ileal  water  absorp¬ 
tion.  Increasing  Ileal  water  absorption  by  treatment  with  the 
glucocorticoid  methyl  prednisolone  (3  mg/100  gm/day  for  3  days) 
caused  Increased  blood  flow  to  both  compartments  of  the  ileum 
and  also  Increased  blood  flow  to  the  colon,  liver,  and  kidneys; 
methyl  prednisolone  treatment  did  not  alter  blood  flow  when 
studies  were  performed  before  the  methyl  prednisolone-induced 
Increase  In  Ileal  water  absorption  had  occurred.  In  contrast. 
Intestinal  secretagogues  which  induced  both  active  Ileal  water 
secretion  (purified  cholera  toxin  and  serotonin)  and  passive 
Ileal  secretion  (hypertonic  mannitol)  did  not  affect  ileal 
blood  flow.  These  studies  indicate  that  Increased  ileal  water 
absorption  Is  associated  with  increased  ileal  blood  flow 
while  absorption  Is  associated  with  increased  ileal  blood  flow 
while  Intestinal  secretion  is  not  necessarily  associated  with 
an  alteration  In  Ileal  blood  flow. 

Patients  with  Intestinal  obstruction  can  have  intraluminal 
accumulation  of  fluid.  Intestinal  obstruction  Increases 
Intraluminal  hydrostatic  pressure  (IHP),  however  available 
Information  on  the  direct  effect  of  IHP  on  both  intestinal 
water  and  electrolyte  transport  in  vivo  remains  incomplete.  In 
this  study  (6,  21)  Ileal  IHP  was  acutely  increased  in  vivo  in 
male  New  Zealand  white  rabbits,  and  the  effect  was  determined 
on  HOH  nad  electrolyte  transport  In  the  test  loop  and  adjacent 
control  loop  using  an  invivo  perfusion  system  with  '^C-poly- 
ethylene  glycol  as  a  nonabsorbable  HOH  marker.  Unidirectional 
transport  of  HOH  was  determined  using  ^hoh.  Test  loop  IHP  was 
Increased  by  raising  the  efflux  catheter  10,  20,  or  30  cm  above 
the  abdominal  surface,  while  control  loop  IHP  was  held  constant 
at  0  cm  HOH.  Increased  IHP  caused  a  significant  Increase  In 
test  loop  net  HOH,  Na,  K,  and  Cl  secretion  and  lumen  to  plasma 
and  plasma  to  lumen  transport  of  HOH,  while  transport  In  the 
control  loop  was  not  altered.  Increased  IHP  was  also  associat¬ 
ed  with  significantly  increased  loop  length,  diameter,  and 


lumen  volume.  Following  transport  studies  mucosal  adenylate 
cyclase  activity  and  histology  were  assessed.  Altering  IHP 
did  not  significantly  affect  adenylate  cyclase  activity.  No 
histological  alteration  occurred  at  IHP  of  10  cm  HOH.  At  20 
cm  HOH  submucosal  and  muscularis  hemorrhages  were  visible. 

At  30  cm  HOH  histological  alterations.  Including  epithelial 
sloughing,  were  observed.  In  summary.  Increased  IHP  In 
rabbit  Ileum  caused:  1)  pressure  dependent  secretion  of  HOH 
and  electrolytes  and  2)  Increased  unidirectional  fluxes  of 
water  In  lumen  to  plasma  and  plasma  to  lumen  directions.  This 
secretion  was  not  associated  with  significant  alterations  In 
mucosal  adenylate  cyclase  activity,  was  not  always  associated 
with  histological  alterations,  and  was  not  apparently  caused 
by  a  systemic  effect  of  luminal  distention.  Intraluminal 
accumulation  of  fluid  seen  in  Intestinal  obstruction  may  be 
related  to  the  secretion  induced  by  increased  IHP.  Acutely 
elevated  IHP  does  not  alter  a  number  of  Important  active  trans' 
port  processes  (5)  including  mucosal  ATPase  activity,  adeny¬ 
late  cyclase  activity  or  glucose  mentation  of  water  and 
electrolyte  absorption  but  elevated  IHP  did  alter  passive 
transport  (4)  processes  including  unidirectional  water  trans¬ 
port  and  mannitol  clearance.  Mucosal  and  whole  segment  blood 
flow  were  not  significantly  changed  by  increased  IHP. 

In  studies  of  Shigella  toxin  diarrhea,  a  unique  effect  on  bile 
flow  was  observed.  (22).  To  date,  studies  of  the  pathogenesis 
of  diarrhea  have  concentrated  almost  entirely  on  the  direct 
Intestinal  contribution  to  increase  stool  water  and  have 
largely  Ignored  contributions  from  other  GI  organs.  The  pre¬ 
sent  studies  were  prompted  by  the  observation  that  the  Intes¬ 
tinal  proximal  to  rabbit  ileal  loops  inoculated  with  Shigella 
dysenterlae  I  enterotoxin  (ST)  18  hr  previously  was  distended 
far  more  than  that  proximal  to  saline  (NS)  Inoculated  loops. 

18  hr  after  inoculation  of  distal  ileal  loops,  volume  flow 
from  the  GI  tract  proximal  to  the  duodeno-jejunal  junction 
was  collected  by  gravity.  Inoculation  of  several  Intestinal 
secretagogues  caused  an  increase  in  proximal  gut  flow  (ST  pro¬ 
duced  35.8  ml/2hr,  cholerago  (CE)  30  ml/2hr  and  hypertonic 
mannitol  (HM)  30  ml/2hr)  compared  to  NS  Inoculated  loops  (17 
ml/2hr).  To  determine  the  source  of  this  proximal  luminal 
fluid,  the  common  bile  duct,  pancreatic  duct,  duodenum  just 
distal  to  the  pylorus,  and  proximal  and  distal  small  Intestine 
were  separately  cannulated  In  Individual  animals.  Increased 
biliary  flow  occurred  18  hr  but  not  4  and  12  hr  after  distal 
Ileal  Inoculation  of  ST  (19.4  ml/2hr),  CE  (13.6  ml/2hr)  and 
HM  (16.3  ml/2hr)  compared  to  NS  (9.7  ml/2hr).  No  Increase  was 


observed  in  pencreatic,  gastric  or  proximal  or  distal  small 
intestinal  flow,  the  Intestinal  secretagogue-related  bile 
flow  had  increased  total  bile  salt  se  retlon,  total  phos« 
pholipid  secretion  and  an  increased  (BS)/(phospholipid)t  but 
had  no  change  in  bile  salt  concentration  or  composition  or 
phospholipid  concentration  compared  to  bile  from  NS  inoculated 
animals.  These  findings  suggest  that  both  active  and  passive 
distal  ileal  secretion  in  the  rabbit  Indirectly  increase  bile 
flow.  This  choleresis;  1)  Is  associated  with  increased  biliary 
bile  salt  secretion;  and  2}  is  associated  with  a  lag  time 
occurring  significantly  after  the  onset  of  the  ileal  secretion. 
These  results  suggest  that  distal  ileal  secretagogues  could 
indirectly  contribute  to  fluid  loss  from  the  GI  tract  through 
a  choleretic  mechanism. 

A  clinical  study  was  performed  to  Investigate  the  mechanism 
of  diarrhea  production  In  a  patient  with  chronic  diarrhea  (23). 
A  46  year  old  female  Is  described  who  had  a  13  1/2  year  history 
or  watery  diarrhea  associated  with  hypokalemia  and  hypochlor- 
hydria.  The  diarrhea  was  secretory  as  measured  by  triple  lu¬ 
men  tube  perfusion  and  was  associated  with  an  elevated  fasting 
plasma  Immunoreactive  gastric  Inhibitory  polypeptide  (6IP) 
concentration  of  750  pg/ml  which  stimulated  to  4000  pg/ml  after 
a  standard  meal.  The  diarrhea  decreased  after  partial  pan- 
createctonvy.  Diffuse  pancreatic  Islet  cell  hyperplasia  was 
present  and  while  GIP  was  unmeasurable  In  the  pancreas  of 
normal  subjects,  It  was  at  least  83  ng/gm  wet  weight  In  this 
patient.  Postoperative! y  the  patient's  diarrhea  responded 
dramatically  to  oral  nicotinic  acid. 

It  has  been  shown  that  Is  Is  possible  for  Intestinal  mucosa  to 
orow  across  an  adjacent  serosal  surface.  While  this  tissue 
(neogut)  appears  histologically  normal  and  has  appropriate 
absorption  enzymes,  there  have  been  no  studies  of  Its  phy¬ 
siologic  functioning.  For  our  experiments  (7)  a  longitudinal 
Incision  was  made  In  the  rabbit's  Ileum  and  then  anastomosed 
to  the  colon  such  that  the  Intestlonal  mucosa  and  the  colonic 
serosa  were  approximated.  After  a  period  of  6-12  weeks,  this 
tissue  was  removed,  the  serosal  and  mucosal  tissues  separated 
as  throughly  as  possible  and  the  neoqut  mounted  In  standard 
Ussing  chambers.  The  conductance  (G),  the  potential  difference 
(Pd),  the  short-circuit  current  (Isc),  and  the  Na  and  Cl  fluxes 
were  determined.  The  results  showed  a  Pd  of  1.3  mv/cm^,  a  G 
of  7.38  mmho/cm^,  and  Isc  of  0.4P  m1croeq/hr-cm^.  All  of  these 
values  were  significantly  different  from  zero.  Due  to  the 
thickness  of  the  tissue,  even  after  stripping,  we  were  unable 
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to  obtain  accurate  Na  and  Cl  fluxes.  The  presence  of  these 
electrical  parameters  Implies  that  the  neogut  Is  capable  of 
functioning  physiologically  but  at  a  reduced  level  from 
normal  tissue. 

The  cecum  of  the  germ- free  rat  Is  filled  with  a  large  volume 
of  liquid;  cecum  plus  cecal  contents  comprise  up  to  25X  of 
the  rodent's  body  weight.  To  explain  the  presence  of  the 
liquid  cecal  contents  in  the  germ-free  rat,  cecal  transport 
of  water  and  electrol^es  was  studied  using  a  closed  loop 
technique  (24)  with  '^C-polyethylene  glycol  as  a  non-absorb- 
able  marker.  When  NaCl  (154  mEq/L)  was  Instilled  Into  germ- 
free  rat  ceca,  absorption  of  water,  Na  and  Cl  occurred  and 
was  similar  to  that  in  conventional  animals.  In  contrast, 
when  an  equal  volume  of  supernatant  from  germ- free  cecal  con¬ 
tents  was  Instilled  into  germ-free  rat  ceca,  secretion  of 
water,  Na  and  Cl  occurred.  Similarly,  when  supernatant  from 
germ-free  cecal  contents  was  instilled  into  ceca  of  conven¬ 
tional  rats,  secretion  of  water,  Na  and  Cl  occurred  at  rates 
equal  to  that  seen  In  the  germ- free  rat.  Therefore,  It  appear¬ 
ed  that  the  composition  of  the  germ-free  cecal  contents  was 
primarily  responsible  for  the  cecal  secretion.  Analysis  of 
the  germ-free  cecal  contents  to  determine  what  caused  the 
cecal  secretion  revealed:  very  low  measureable  anions  (Cl  2, 
HCO3  2  mEq/L);  a  low  Na  concentration;  slight  hyperosmolal¬ 
ity  as  determined  by  freezing  point  depression  and  elevated 
colloid  osmotic  pressure.  Fluid  made  up  with  Na2S04  to  re¬ 
semble  the  germ-free  cecal  supernatant  In  ionic  composition 
and  absence  of  exchangeable  anions  produced  cecal  secretion 
equal  to  that  of  the  germ- free  rat  cecal  contents.  Fluid  simu¬ 
lated  to  reproduce  the  effects  of  the  low  Na  concentration  and 
also  the  colligative  properties  and  colloid  osmotic  pressure 
had  minimal  effects  on  cecal  transport.  These  studies  demon¬ 
strated  that  cecal  enlargement  in  the  germ-free  rat  is  assoclat 
ed  with  cecal  secretion  of  water  and  electrolytes;  that  germ- 
free  ceca  can  transport  water  and  electrolytes  in  a  normal 
fashion;  and  that  cecal  secretion  in  the  germ- free  rat  Is  due 
primarily  to  the  absence  of  exchangeable  anions  In  the  germ- 
free  cecal  contents. 

uncertainty  remains  regarding  the  significance  and  mechanism 
of  changes  In  intestinal  HOH  and  electrolyte  transport  induced 
by  the  B-adreneroic  receptor  blocker  propranolol  {?),  these 
studies  were  designed  to  determine  the  effect  of  P  on  a  well- 
defined  Intestinal  secretory  process.  HOH  and  electrolyte 
secretion  and  Increased  adenylate  cyclase  (AC)  activity 
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Mere  observed  In  (CT)  inoculated  ileum  and  colon,  but  Na-K- 
ATPase,  Ng-ATPase  and  cyclic  nucleotide  phosphodfesterase 
(PDE)  were  unaffected.  When  d1-P(4mg/kg)  was  Injected  datly 
for  3  days  befbre  loop  Inoculation,  P  did  not  affect  HOH  or 
electrolyte  absorption  or  mucosal  AC,  Na-K-ATPase  nr  PDE  activ¬ 
ities  In  saline  Inoculated  ileal  or  colonic  loops.  However, 
dp-P  significantly  decrease  CT-Induced  Increases  In  AC  In  con¬ 
trol  and  P  treated  animals  were  similar.  D-P  has  the  non¬ 
specific  membrane-blocking  effects  of  P  but  Is  not  a  B-blocker. 
Pre-treatment  with  d-p  (4mg/kg}  for  3  days  did  not  affect  CT- 
Induced  secretion.  To  document  that  the  P  Inhibition  of  sec¬ 
retion  occurred  after  AC  activation,  a  model  of  Ileal  secret¬ 
ion  Induced  by  dibutyryl  cAHP  (DB)  was  developed.  Ileal  per¬ 
fusion  with  DB  caused  net  HOH  secretion  In  controls  whereas  In 
animals  treated  with  dl-P  (4mg/kg)  for  3  days,  D6-1nduced  HOH 
secretion  was  significantly  decreased.  These  results  Indicate 
that:  1)  dl-P  Is  able  to  Inhibit  CT-Induced  Ileal  and  colonic 
HOH  secretion  In  the  rat;  2)  this  effect  Is  not  associated 
with  Inhibition  of  CT  activltlon  of  AC  and  does  not  Involve 
the  non-specific  membrane-blocking  properties  of  P;  3)  this 
Inhibition  apparently  Involves  a  step  In  Intestinal  secretion 
following  AC  activation.  (25) 

Early  investigations  of  freezing  and  thawing  murine  spleen  cells 
showed  that  such  treated  cells  could  protect  lethal ly  Irra¬ 
diated  mice  and  were  capable  of  antibody  production.  More  re¬ 
cent  work  on  murine  cells  Indicated  that  thymus-derived  lym¬ 
phocytes  (T-cell)  were  more  susceptible  to  damage  on  freezing 
and  thawing  than  were  bursa-equivalent  lymphocytes  (B-cell). 
Damjanovic  et.al.  have  shown  that  some  pi  ague- forming  cells 
(PFC)  survive  freeze  drying,  while  Bohm  and  Dvorak  were  able  to 
recover  most  plaque-forming  cells  after  storage  In  liquid  nitro¬ 
gen  for  37  weeks.  We  report  (26)  on  experiments  designed  to 
Investigate  the  ability  of  murine  spleen  cells  to  survive  a 
single  cycle  of  freeze-thawing.  The  recovery  of  pi ague- forming 
cells  was  one  method  used  to  determine  the  functional  capacity 
of  frozen-thawed  cells.  Utilizing  tissue  culture  systems,  we 
were  also  able  to  measure  both  the  ability  of  recovered  cells  to 
respond  to  an  In  vitro  antigenic  challenge  and  the  blastogenic 
response  of  cells  to  mitogenic  agents.  Cultured  frozen-thawed 
cells  responed  In  vitro  to  an  antigenic  challenge  of  trlnl- 
trophenylated-bacterlophage  T4  (TNP-T4),  a  T-cell  Independent 
antigen  better  than  they  responded  to  sheep  red  blood  cells 
(SRBC),  a  T-cell  deoendent  antigen.  The  uptake  of 
lododeoxyurldlne  (('^^D  lUdR)  after  stimulation  of  cells  with 
phytohemagglutInIn-P  (PHA-P),  a  mouse  T-cell  mitogen  or  llpo- 
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polysaccharide  (LPS),  a  B-cell  mitogen  was  severely  decreased 
by  a  single  cycle  of  freeze-thawing. 

Calcium  lonophore  A23187  will  induce  human  white  blood  cells  to 
hill  autologous  red  blood  cells.  Optimally,  the  assay  Is  run 
overnight,  at  250C,  at  a  25  or  50  to  1  killer  to  target  cell 
rattOi  and  at  a  final  lonophore  concentration  of  2.5  ug/ml . 

MBC's  which  were  frozen  and  thawed  three  times  could  still 
mediate  lonophore  Induced  cellular  cytotoxicity.  Using  Intact 
cells,  granulocytes  (67.2%  cytotoxicity),  monocytes  (34.8%),  B 
cells  (22.0%)  and  Null  cells  (19.3%)  were  effector  cells  but  T 
cells  (7.4%)  were  not.  When  cell  fragments  were  used,  all  cell 
types  Including  T  cells  were  able  to  effect  cytotoxicity  (33.5% 
to  84.5%).  These  studies  may  Implicate  a  calcium-dependent, 
membrane-localized  mechanism  In  cellular  cytotoxic  processes. (27) 

The  mitogenic  potential  of  normal  human  peripheral  blood  lympho¬ 
cyte  subpopulatlons  In  response  to  the  plant  lectins  phytohema¬ 
gglutinin,  and  pokeweed  mitogen  has  been  examined.  Doubly  puri¬ 
fied  B-,  Null-,  and  T-cell  fractions  were  used  by  themselves  and 
In  conjunction  with  small  percentages  (1  to  10%)  of  other  sub- 
populations.  Purified  human  B  and  Null  cells  were  found  to  be 
noneactive.  However,  when  Incubated  with  as  little  as  1%  T  cells 
significant  mitogenic  responsiveness  by  B  and  Null  cells  was  ob¬ 
served.  This  helper  effect  was  apparent  with  both  normal  and 
Irradiated  T  cells.  It  would  thus  appear  that  mitogenic  respon¬ 
siveness  of  unseparated  mononuclear  cells  is  predominantly  a  func 
tion  of  T  cells  either  as  responding  cells  or  as  necessary  helper 
cells.  (28) 

A  large  proportion  of  DNA  synthesized  In  vitro  by  human  lympho¬ 
cytes  stimulated  with  plant  mitogens  or  specific  antigens  Is 
selectively  excreted  from  the  cells.  To  determine  if  DNA  ex¬ 
cretion  differs  among  various  types  of  lymphocytes,  we  examined 
purified  human  lymphocyte  subpopulations  for  DNA  synthesis  and 
excretion  In  response  to  stimulation  by  L-PHA.  The  relative 
proportion  of  newly  synthesized  DNA  that  is  excreted  by  unsepa¬ 
rated  mononuclear  cells,  macrophage-depleted  cells,  T,  and  B 
lymphocytes  Is  Identical  despite  great  differences  in  the  magni¬ 
tude  of  their  responses.  Low  levels  of  both  DNA  synthesis  and 
excretion  by  macrophage-depleted  cells  and  B  cells  can  be  In¬ 
creased  by  reconstitution  with  macrophages  and  T  cells,  respect¬ 
ively,  These  data  Indicate  that  DNA  excretion  Is  a  general 
property  of  lymphocytes  stimulated  to  undergo  DNA  synthesis  by 
plant  mitogens.  (29) 


The  development  of  profound  leuckocHosIs  In  a  patient  with 
leukemic  reticuloendotheliosis  (LRE)  enabled  us  to  obtain 
purified  LRE  cells  for  the  investigation  of  their  structural 
and  functional  characteristics.  The  LRE  cells  of  our  patient 
bore  surface  immunoglobulin  and  had  complement  receptors  but 
did  not  bear  receptors  and  did  not  form  rosettes  with  sheep 
erythrocytes.  By  electron  microscopy,  the  cells  were  observed 
to  contain  typical  ribosome  lamella  structures  and  to  phago- 
cytize  both  0.81  urn  latex  particles.  They  were  adherent  to 
both  glass  and  nylon  wool  fibers.  The  mitogenic  response  to 
erythroagglutinating  phytohemagglutinin  was  normal  in  magni¬ 
tude  but  delayed  chronologically.  The  binding  of  ^^^l-labeled 
plant  lectins  was  used  to  characterize  the  sruface  topography 
of  LRE  cells.  Results  of  these  studies  indicated  that  the  LRE 
cell  surface  differed  significantly  from  the  surface  of  normal 
T  and  B  lymphocytes  and  chronic  lymphatic  leukemia  cells.  The 
LRE  cells  were  capable  of  both  stimulating  and  responding  in 
a  one-way  mixed  lymphocytes  culture,  ilowever.  the  LRE  cells 
were  not  active  as  effector  cells  of  either  cell -mediated  lym- 
pholysis,  a  T  cell  function,  or  antibody-dependent  cellular 
cytotoxicity,  a  null  cell  function.  In  contrast,  they  were 
effector  cells  of  lectin-induced  cellular  cytotoxicity  showing 
that  they  did  possess  the  capacity  to  function  as  cytotoxic 
effector  cells.  These  data  indicated  that  the  LRE  cells  in  our 
patient  had  surface  and  functional  characteristics  of  both  lym¬ 
phocytes  and  monocytes.  (30) 

Binding  studies  with  5  purified  plant  lectins  were  used  to  in¬ 
vestigate  membrane  alterations  in  lymphocytes  from  patients 
with  chronic  lymphatic  leukemia  (CLL).  Compared  to  normal  human 
B  lymphocytes,  CCL  lymphocytes  had  fewer  receptors  for  E- 
phytohemagglutinin,  wheat  germ  agglutinin,  and  concanaval  in  A, 
and  more  receptors  for  L-phytohemagglutinin.  Receptors  for 
Ricinus  communis  agglutinin  were  the  same  on  both  normal  and  CCL 
cells.  Since  the  lectins  bind  to  complex  carbohydrates  on  the 
cell  surface,  these  data  suggested  that  the  carbohydrate  com¬ 
position  of  CCL  membranes  differed  from  that  of  normal  lymphocytes. 
To  investigate  this  point,  exposed  membrane  sialoglycoproteins 
on  intact  cells  were  radiolabeled  by  a  combination  of  mild 
periodate  oxidation  followed  by  reduction  with  NaB^H,.  Analysis 
by  SOS  polyacrylamide  gel  electrophoresis  of  extracts  from  the 
radiolabeled  cells  indicated  that  the  CCL  cell  membranes  con¬ 
tained  the  same  protein  components  as  normal  lymphocyte  membranes, 
but  that  these  components  were  generally  less  heavily  glycosy¬ 
lated  in  CLL.  However  at  least  3  CLL  cell  membrane  proteins 
possessed  more  carbohydrate  than  the  normal.  To  investigate 


mechanisms  responsible  for  the  altered  lycosylatlon  of  CU 
cell  membrane  components,  we  examined  g. /cosyl transferase  act¬ 
ivities  In  Intact  cells  from  CLL  patlem  j  and  normal  donors. 
Compared  to  normal  cells,  CLL  cells  demonstrated  decreased 
ability  to  transfer  N-acetyl  glucosamine  from  UDP-N-acetyl 
glucosamine  to  an  appropriate  exogenous  glycoprotlen  acceptor. 
Likewise  the  ability  of  CLL  cells  (o  tr.  fer  N-acetyl  neura¬ 
minic  acid,  galactose  and  N-acetyl  giuci  line  from  their 
respective  nucleotides  to  endogenous  acceptors  located  Intra- 
cellularly  was  reduced  relative  to  normal.  We  conclude  that 
CLL  lymphocytes  are  characterized  by  a  specific  pattern  of  al¬ 
tered  cell  surface  glycoproteins  which  can  be  detected  by  lecti 
binding  studies.  These  alterations  may  be  related  to  decreased 
glycosyl transferase  activity  in  the  CLL  lymphocyte.  (31) 

Peripheral  blood  mononuclear  cells  from  49  Thai  adults  Infected 
with  either  Plasmodium  falciparum  or  Plasmodium  vlyax  were  ex¬ 
amined  In  order  to  determine  the  percentage  of  Y,  6,' and  Fc  re¬ 
ceptor  bearing  cells  present.  In  comparlslon  to  healthy  con¬ 
trols,  both  the  percentage  and  concentration  of  peripheral  T 
cells  were  decreased  in  the  muldria  Infected  Individuals  as 
assessed  by  formation  of  rosettes  with  sheep  red  blood  cells. 
The  percentage  of  peripheral  B  cells  was  increased  but  their 
concentration  was  unchanged,  as  assessed  by  two  techniques: 
the  presence  of  surface  immunoglobulin  and  the  presence  of  a 
complement  receptor.  Both  the  percentage  and  concentration 
of  lymphocytes  bearing  Fc  receptors  were  unchanged  in  Infected 
Individuals.  Finally,  calculation  of  the  changes  In  "Null" 
cells  (defined  either  as  non-T,  non-B  lymphocytes  or  as  non-T, 
non-B,  non-Fc  receptor  bearing  lymphocytes)  revealed  an  in¬ 
crease  in  "Null"  cell  percentage  but  a  decrease  in  absolute 
number  of  "Null"  cells.  These  data  indicate  that  in  adult 
Thai  patients  naturally  Infected  with  malaria,  there  Is  a  real 
loss  of  circulating  T  lymphocytes  with  no  real  change  in  B, 

Fc  receptor  bearing,  or  "Null"  lymphocytes.  (32). 

A  4  1/2-yr-old  black  boy  was  seeen  at  26  mo.  with  failure  to 
thrive,  recurrent  pneumonia,  and  mucocutaneous  moniliasis. 
Immunoglobulins  were  normal.  Lymph  node  biopsy  showed  germinal 
centers  but  sparse  paracortical  cellularity.  Peripheral  blood 
lymphocytes  formed  50X  EAC  rosettes  and  6^  E  rosettes.  He  was 
lymphopenic  and  had  absent  responses  to  a  battery  of  delayed 
hypersensitivity  skin  tests  and  dinitrochlorobenzene  (DNCB). 

Red  cell  and  lymphocyte  ADA  levels  were  IX  and  8X  of  normal 
respectively.  With  weekly  thymosin  injections,  moniliasis 
cleared,  peripheral  E  rosettes  rose  to  60%,  and  the  delayed 


skin  test  with  dephtheriatetanus  (DT)  became  weakly  positive. 
Lymphopenia  and  pneumonia  persisted.  ADA  replacement  by  trans¬ 
fusion  of  fresh  frozen  plasma  and  Irradiated  red  cells  were 
added.  The  pneumonia  cleared.  After  2  yr  of  treatment.  DT 
and  streptokinase-streptodornase  (SK-SD)  skin  test  are  posi¬ 
tive.  E  rosettes  are  40%  to  50%,  and  total  lymphocytes  and 
phytohemagglutinin  (PHA)  response  are  low-normal.  Bone  marrow 
and  Rebuck  skin  window  cellularlty  have  returned  toward  normal. 
Lymphocyte  ADA  levels  remain  deficient.  DNCB  still  does  not 
elicit  a  response.  Clinically,  the  child  has  grown;  he  attends 
nursery  school  and  handles  infections  without  difficulty. 
Thymosin  and  ADA  replacement  therapy  have  been  found  safe  and 
effective.  (33) 

Previous  studies  of  the  Immune  system  In  Whipple's  Disease  (WD) 
have  shown  minor  reversible  changes  In  serum  Immunolobullns 
and  a  marked  Irreversible  defect  In  cell  mediated  Immunity 
shown  by  abnormal  delayed  cutaneous  hypersensitivity  and  PHA  In 
duced  thymidine  Incorporation.  Studies  of  cell  mediated 
cytotoxicity  have  not  been  reported.  We  have  recently  see  a 
patient  with  untreated  WD  who  had  a  positive  response  to  PPD. 
Studies  on  his  peripheral  blood  lymphocytes  (PBL)  In  the  ab¬ 
sence  of  autologous  serum  revealed:  A)  Percentage  of  T,  B, 

Null  cells  and  macrophages  were  comparable  to  those  of  normal 
controls  (NL).  B)  The  ability  of  WD  PBL  to  effect  antibody 
dependent  cellular  cytotoxicity  (ADCC)  and  spontaneous  cell 
mediated  cytotoxicity  (SCMC)  against  various  target  cells  was 
comparable  to  that  of  controls: 


ApDC-%cytotox1  city _ SCMC-%cytotox1  cl  tj 

tRbC  target  K-56z  target  K-5b2  target 


NL  PBL  33.3  59.7  45.6 


HD  PBL  35.8  62.5  53.9 

C)  WD  PBL  undergo  mitogenesis  to  both  Concanavalln  A  (Con  A) 
and  pokeweek  mitogen  (PWM).  The  response  to  the  Latter  was 
less  than  that  of  the  control: 

MEDIA  CON  A  PWM 

DAY: 

NL  PBL  38+10  45+7  7248+938  8451+1745  5690+1068  9727+1437 

HD  PBL  51+14  42+4  8136+321  8587+213  2110+110  3480+99 


D)  Prelimtnary  studies  indicate  that  WD  PBL  may  be  capable  of 
acting  as  both  stimulators  and  responders  in  mixed  lymphocyte 
culture.  Ue  conclude  that:  1)  WO  PBL  may  contain  normal  per¬ 
centages  of  T,  B,  Null  cells  and  macrophages.  2)  In  the  absence 
of  autologous  serum,  WD  PBL  may  be  effectors  of  ADCC  and  SCMC, 
suggesting  normal  function  of  Fc  bearing  cells.  3)  In  the  ab¬ 
sence  of  autologous  serum,  WD  PBL  may  be  capable  of  normal 
mitogenic  responses,  depending  on  the  mito-en  tested.  (34) 

Cimetidine  has  been  shown  to  alter  lymphocyte  function  in  his¬ 
tamine  stimulated  animal  systems.  We  studied  9  PTS  with  acid 
peptic  disease  immediately  prior  to,  after  2-3  wks  and  after  6-8 
wks  of  treatment  with  cimetidine.  There  were  7  normal  controls 
(C)  not  taking  cimetidine.  After  CBC  with  differential.  PBL 
obtained  by  ficoll  hypaque  separation  were  analyzed  for  surface 
characteristics,  cytotoxicity  and  mitogenesis.  Cytotoxic  and 
mitogenic  assays  were  performed  in  paired  media,  one  containing 
the  subject's  own  serum  *HS),  the  other  containing  fetal 
calf  serum  (FCS).  PTS  pretreatment  WBC  counts  (x=10100  989) 
and  monoculear  cell  counts  (x-3404  240)  were  significantly 
higher  (p  0.01)  than  those  of  C  (x=6100  491;  2252  207  re¬ 
spectively)  and  did  not  change  in  the  interval  studies.  Sur¬ 
face  characteristics  (?  cells  esterase  and  surface  immunoglo¬ 
bulin  positive,  E,  EA  and  EAC  rosette  forming)  did  not  differ 
between  groups  of  during  the  treatment  period.  Percent 
spontaneous  cell  mediated  cytotoxicity  (SCMC)  to  K562  cells  was 
depressed  in  PTS  prior  to  treatment  and  returned  to  normal  after 
2-3  weeks  of  treatment.  There  was  no  difference  between 
assays  in  HS  and  FCS. 

Control  Pretreatment  P  2-3  weeks  P  6-8  weeks  P 

38.4+4.2  17.1+2.0  (Toi  26.2+5.9  NS  36.8+4.4  NS 

38.6+4.6  22.0+4.8  0.01  42.3+8.3  NS  43.8+6.2  NS 

Antibody  dependent  cellular  cytotoxi.ity  to  chick  RBC  and  K562 
cells,  lectin  induced  cellular  cytotoxicity  to  human  RBC,  and 
mitogenesis  to  PHA,  Con  A  and  PWM  did  not  differ  between  PTS 
and  C  before  or  during  treatment  or  with  assay  media.  We 
conclude:  1)  Short  term  cimetidine  therapy  induced  no  signi¬ 
ficant  abnormalities  in  immunologic  tests  studied;  2)  PTS 
with  acid  peptic  disease  have  elevated  cell  counts  and  sup¬ 
pressed  SCMC;  3)  Treatment  with  cimetidine  is  associated  with 
return  to  normal  of  SCM  persistently  elevated  cell  counts.  (8) 

Colonization  of  the  intestine  bv  some  enteropathogenic  bacteria 
may  be  related  to  their  ability  to  adhere  to  the  mucosal  surface. 


We  studied  the  ability  of  a  non-invasi ve,  piliated,  type  0-15 
E.Coll  which  causes  diarrhea  In  rabbits  (RDEC-obtalned  from  Dr. 
J.ft.  tantey)  to  attach  to  Isolated  brush  borders  (BB)  and  micro¬ 
villus  membranes  (MVM).  ROEC  has  been  shown  by  light,  Immuno- 
fluorescent  and  electron  microscopy  to  colonize  the  Intestinal 
mucosal  surface  of  young  rabbits.  To  test  for  In  vitro  ad¬ 
herence,  RDEC  E.Coll  were  Incubated  with  rabbi t"TBs  0 -2x1 0^/ml ) 
and  observed  by  phase  contrast  microscopy.  After  30  min  at  RT, 
adherence  at  high  bacterial  concentrations  (109  bact./ml)  was 
demonstrated  by  large  aggregates  of  BB  and  bacteria.  At  3x10^ 
bact./ml,  BB  aggregation  was  rare  but  adherence  of  3-6  organisms/ 
BB  was  seen.  Incubation  at  4o  delayed  adherence.  Ca"*^  and  Mg'*"*’ 
Ions  were  not  required.  Formalin  treatment  of  BB  prevented 
RDEC  adherence.  No  adherence  to  rabbit  BB  was  noted  using  a 
variety  of  nonpathogenic  or  pathogenic  strains  isolated  from 
humans.  Conversely,  RDEC  did  not  adhere  to  BB  from  G.PIg  or 
human  Intestine.  To  further  localize  the  mucosal  receptor  for 
RDEC  to  the  Intestinal  surface  membrane,  rabbit  MVM  vesicles 
were  prepared  and  Incubated  with  ROEC.  In  a  microtiter  plate 
assay,  distinctive  ring  patterns  of  agglutination  of  ROEC  was 
observed  using  108  bacteria  and  as  little  as  10  ug  of  MVM 
protein.  No  agglutination  of  control  bacteria  occurred  In  this 
assay.  Neither  reaction  was  inhibited  by  a  variety  of  mono¬ 
saccharides,  (mannitol,  Dor  L-fucose,  galactose),  sialic  acid 
or  amino  sugars.  In  conclusion:  1)  Intestinal  colonization  by 
RDEC  correlates  with  In  vitro  adherence  to  rabbit,  but  not 
human  or  G.PIg,  BB  and  MVM.  2)  A  sensitive  microtiter  assay 
for  MBM  agglutination  of  adherent  bacteria  has  been  developed 
which  may  prove  useful  in  screening  enteropathogens  for  the 
ability  to  adhere  to  the  Intestinal  mucosa.  (9) 

Adherence  of  pathogenic  bacteria  to  the  intestinal  brush  border 
(BB)/m1crovil 1  us  membrane  (MVM)  surface  may  permit  organisms 
to  colonize  the  bowel.  We  studied  the  ability  of  a  strain  of 
E.Coll  (RDEC)  enteropathogenic  for  rabbits  to  adhere  to  rabbit 
BB  In  vitro,  and  then  attempted  to  solubilized  the  epithelial 
receptor  from  rabbit  MVMs,  When  10^  BB  were  mixed  with  10^  bac¬ 
teria  In  100  ul  for  15  min.  @  230C,  11.8  RDEC  adhered  per  BB 
compared  to  1  bacteria  per  BB  for  a  nonpathogenic  strain  of 
rabbit  E.Coll.  Receptor  activity  could  be  solubilized  from  the 
MVMs  by  detergent  treatment  (Tr1ton-X-100)  or  proteolytic  di¬ 
gestion  (papain).  MVMs  were  Incubated  In  the  presence  of  0.25X 
Tr1ton-X-100  for  1  hr.,  then  centrifuges  at  100,000g  for  1  hr. 

The  dialyzed  supernatant  was  concentrated  to  1  mg/ml .  This 
supernatant  agglutinated  RDEC  at  levels  of  100  ug/ml .  12 
proteins  bands  ranging  from  30,000  to  100,000  daltons  were 


detected  hy  SDS-polyacryl amide  gel  electrophoresis  (PAGE). 

RDEC  receptor  activity  was  also  recovered  in  a  30,000g  super¬ 
natant  after  papain  digestion  of  rabbit  BBs.  Again  aggluti¬ 
nation  of  RDEC  was  detected  at  a  level  of  lOOug/ml.  On  SDS- 
PAGE,  the  papain  digest  consisted  of  4  major  bands  of  103,  93, 
36.5,  33.5X103  daltons  M.W..  In  summary,  an  intrinsic  MVM 
component,  mediating  bacterial  adherence  to  the  intestinal 
mucosal  surface,  was  solubilized  by  triton-X-100  or  by  papain 
(10,  35). 

Colonization  of  the  small  bowel  by  some  pathogenic  strains  of 
Eschesichia  Coli  maybe  mediated  by  specific  adherence  to  the 
intestinal  mucosal  surface.  In  the  present  study,  a  quantita¬ 
tive  in  vitro  assay  was  developed  in  order  to  characterize  the 
adherence  of  RDEC-1  to  RBB  was  clearly  distinguishable  under 
phase  microscopy  from  nonpthogenic  control  strains  of  E. Col  1 ; 
the  average  number  of  RDEC-1  per  RPB  was  11.5  ^  0.7  (S'P)  com¬ 
pared  to  2.7  +  0.4  and  0.8  +  0.1  for  the  two  control  strain.. 

HS  and  640.  ?iaximal  adherence  of  RDEC-1  to  RBB  was  reached 
within  15  minutes.  RDEC-1  binding  to  RBB  was  temperature 
dependent  with  the  rate  of  adherence  at  37oc  being  signifi¬ 
cantly  faster  than  at  40C.  Optimal  adherence  was  seen  between 
a  pHs  of  6.5  -  7.0  and  dramatic  inhibition  of  RDEC-l  binding 
occurring  as  tne  pH  dropped  below  pH  5.0.  RDEC-1  adherence 
was  also  sensitive  to  the  electrostatic  environment  of  the 
reaction  mixture  with  these  being  a  linear  depression  of  ad¬ 
herence  with  Increasing  ionic  strenght  up  to  708m  or  KCl . 

Unlike  other  pathogenic  strains  of  E.Col i ,  RDEC-1  adherence 
was  found  to  be  resistant  to  D-mannose  and  its  analogs.  Further¬ 
more,  RDEC-1  was  unable  to  hemoaggl utinate  rabbit,  guinea  pig 
or  human  erthyroeytes.  In  summary,  in  vitro  adherence  of  RDEC-1 
to  RBB  has  been  partially  characterized  however  further  investi¬ 
gation  of  the  model  is  needed  inorder  to  determine  the  molecules 
basis  of  adherence  and  colonization  seen  in  bacterial  diarrhea. 
(11) 

Development  of  a  host  immune  secretory  immunoglobulin  A  (I-SIgA) 
response  to  a  pathogenic  organism  amy  assist  in  the  initial 
clearing  of  bacteria  from  the  intestinal  tract  and  protect 
against  re-infection  by  preventing  mucosal  adherence.  We  tested 
the  ability  of  rabbit  I-SIgA  raised  against  an  adherent,  patho- 

?enic  E.Col i  to  block  adherence  of  that  organism  to  brush  borders 
BB)  in  vitro.  I-SIgA  was  obtained  from  the  colostrum  of  rabbits 
immunized  by  the  orogastric  route  with  RDEC-1  E.Col i  to  block 
adherence  of  that  organism  to  brush  borders  (BB)  in  vitro. 


.IS 


I-SIgA  was  obtained  from  the  colostrum  of  rabbits  Immunized 
by  the  orogastric  route  with  RDEC-1  E.  Coll .  a  plllated  type 
0-15  adherent  strain  pathogenic  for  rabbits.  The  I-SIgA  had 
a  titer  of  7.490  agglutinating  units  (AU}/mg  (1  AU  aggluti¬ 
nates  10°  bacteria).  A  similar  I-SIgA  preparation  adminis¬ 
tered  orogastrically  to  rabbits  In  previous  studies  delayed 
Intestinal  colonization  with  RDEC-1.  We  Incubated  10'  bac¬ 
teria  with  I-SIgA  In  Increasing  concentrations,  dispersed 
the  mixture  by  vortexing,  added  10°  BB  and  continued  Incuba¬ 
tion  In  a  volume  of  lOOul  for  15  min.  The  number  of  or¬ 
ganisms  adhering  per  BB  progressively  decreased  as  the  con¬ 
centration  of  I-SIgA  was  Increased:  11.8+  0.5  (1  S.D.) 
bacteria  adhered  per  BB  without  I-SIgA;  5U%  Inhibition  of 
adherence  was  noted  with  .78ug  I-SIgA/lOOul .  In  further  ex¬ 
periments,  the  adherent  properties  of  RDEC-1  were  trans¬ 
ferred  to  a  non-adhering,  non-piliated  Shigella  species. 

A  resulting  strain  (D-1-5)  possessed  pill  and  adhered  to 
rabbit  BB  In  a  manner  similar  to  RDEC-1.  The  I-SIgA  pre¬ 
pared  against  RDEC-1  also  Inhibited  adhesion  of  D-1-5  to 
rabbit  BB  In  vitro.  These  studies  show  that  specific  antl- 
RDEC-1  I-SIgA  Inhibits  both  adherence  of  RDEC-1  and  of  the 
adherent,  plllated  product  (n-1-5)  of  the  mating  of  RDEC-1 
with  Shigella,  to  rabbit  BB  in  vitro.  The  data  suggest 
that  Inhibition  of  adherence  may  occur  through  the  interac¬ 
tion  of  I-SIgA  with  the  bacterial  surface  structures  (pill) 
responsible  for  mucosal  adherence.  (12,36) 

An  enteropthaogenic  E.Col i  RDEC-1  (015:MN)  has  been  dound  to 
cause  a  fatal  diarrheal  disease  of  young  rabbits.  This  organ¬ 
ism  multiplies  In  the  ileum  and  colon  by  adhering  to  the 
mucosal  surface.  RDEC-1  has  also  been  shown  to  adhere  in 
vitro  to  Isolated  rabbit  brush  borders  and  microvillus  mem- 
branes .  The  present  study  investigated  the  specificity  of 
this  adherence  phenomena  both  In  vitro  and  In  vivo.  In  order 
to  determine  regional  specificity,  ileal  and  jejunal  RBB 
were  prepared  In  parallel  from  feru  rabbits.  The  mean  number 
of  RDEC-1  attached  to  the  jejunal  RBB  was  6.0  compared  to  11.5 
RDEC-1  per  Ileal  RBB  (p  .05).  In  addition  the  failure  of 
RDEC-1  to  adhere  to  rabbit  erythrocyte  and  bladder  cells 
Indicated  tissue  specificity  of  RDEC-1  adherence.  The  ability 
of  RDEC-1  to  adhere  to  BB  from  different  animals,  I.e.  rats 
and  guinea  pigs,  was  found  to  be  essentially  zero,  also  In¬ 
dicating  that  In  vitro  adherence  of  RDEC-1  with  In  vivo  colon¬ 
ization  of  the  entestinal  tract  rats,  rabbits  and  guinea  pigs 
were  orally  Inoculated  with  either  RDEC-1,  a  control  E.Col 1 
strain  (HS)  or  sterile  culture  medium.  Animals  were  Incubated 


for  a  period  of  10  days  during  which  the  animals  were  checked 
dialy  for  diarrhea,  at  s.icrifice,  E. Col  1  growth  In  jejunum. 
Ileum  and  accum  was  guantitated  and  serologically  typed  for 
the  presence  of  RDEC-1  or  HS.  Of  all  the  animals,  only  the 
RDEC-1  fed  rabbits  came  down  with  diarrhea.  Their  lleums  and 
caecums  were  colonized  with  a  mean  of  10g,Q  R.35  and  9.07 
RDEC-1  per  g  wet  wt.  of  tissue,  respectively.  Negligible 
colonization  was  seen  In  any  of  the  Intestinal  segments  In 
either  the  HS  or  control  fed  rabbits.  Simllary,  only  minimal 
growth  of  RDEC-1  or  HS  was  seen  In  any  bowel  segment  In  the 
guinea  pigs  and  rats.  In  summary,  adherence  of  RDEC-1  In 
vitro  demonstrates  regional,  tissue,  and  species  specificity. 
SpeHes  specificity  Is  also  displayed  In  the  ability  of 
RDEC-1  to  colonize  the  small  bowel  In  vivo.  The  degree  of 
specificity  possessed  by  RDEC-1  suggest^  that  there  maybe 
a  receptor  located  on  rabbit  Intestinal  epithelial  cells  that 
Interacts  specifically  with  RDEC-l  and  promotes  adherence  and 
colonization.  (13) 

Studies  of  human  liver  biopsy  specimens  completed  shortly 
after  transfer  of  these  activities  to  WRAIR  (37,30)  showed 
that  liver  collagen  content  is  increased  2  to  6-fold  over 
normal,  and  that  there  ai'e  Increases  In  all  throe  of  the  speci¬ 
fic  collagen  types  present  In  normal  liver  (collagen  Types  I, 
III,  and  IV).  Studies  of  synthesis  of  collagen  measured  In 
human  liver  slices  by  quantitative  methods  for  the  first  time 
showed  a  4  to  25- fold  Increase  In  this  process  compared  with 
that  In  normal  liver.  The  level  of  free  prollne,  an  Im¬ 
portant  amino  acid  In  the  regulation  of  collagen  synthesis, 
was  Increased  In  fibrotic  liver,  and  the  source  of  this 
Increased  prollne  was  found  to  be  arginine. 

Investigation  of  the  conversion  of  arginine  to  prollne  In  mice 
with  Schistosoma  mansoni  infection  confirmed  that  this  was 
the  preferred  pathway  In  comparison  to  conversion  from  the 
alternative  prollne  precursor,  glutamic  acid  (39).  These 
results  were  consistent  In  experiments  with  liver  slices  and 
tracer  studies  with  living  mice. 

Study  of  experimental  Inhibitors  of  prollne  hydroxylatlon  In 
the  mouse  model  system  showed  that  several  of  these  com¬ 
pounds  selectively  blocked  this  critical  step  In  collagen  bio¬ 
synthesis  In  liver  slices,  and  suggested  the  posslhlllity  of 
their  use  In  living  animals. 

Development  of  a  new  animal  nxjdel  systems  that  more  closely 


resembles  chronic  human  schistosomiasis  Mas  begun  by  studying 
rabbits  at  6  months  and  1  year  after  infection  with  S. 

Japonicum.  Initial  results  suggested  that  liver  histology, 
collagen  content,  collagen  synthesis  rates,  and  metabolism 
of  key  precursor  amino  acids  of  collagen  were  all  consistent 
with  earlier  data  from  human  tissue,  establishing  this  mode! 
as  the  preferred  system  for  our  current  studies  of  biochemical 
regulation,  prevention,  and  potential  pharmacologic  reversal 
of  the  process  of  liver  fibrosis.  (14) 

A  review  on  the  subject  of  hepatic  fibrosis  was  completed.  (40). 
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sial  Infection  In  laboratory  animals;  1.  Determination  of  the  sequence  of  events 
leading  to  imnunlty  following  vaccination  or  infection.  These  studies  are  directly 
aimed  at  development  of  safe  inactivated  vaccines  for  protecting  troops  In  the  field 
and  for  developawnt  of  accurate  and  sensitive  tests  Co  assay  the  extent  of  InDunlCy 
Induced  by  vaccination. 

24.  (U)  1.  Camna  Irradiation  of  rlckeCtsiae  to  produce  attenuated,  non-replicating 
organisms  to  be  used  as  Inmunogens;  2.  Determination  of  the  stability  of  rickettslae 
and  gamma  Irradiated  Immunogens  In  the  tliawed  and  frozen  states;  3.  Evaluation  of 
different  strains  and  combinations  of  scr.slns  for  use  as  gamma  Irradiated  immunogens 
Co  provide  long-lasting  Immunity  against  a  broad  spectrum  of  strains  of  Rickettsia 
Csutaugamushl;  4.  Determination  of  the  genetic  basis  of  resistance  and  sensitivity  of 
the  mouse  model  to  scrub  typhus  infection  using  specially  bred  mouse  strains;  5.  In 
vitro  analysis  of  the  effects  of  lymphocytes  and  lymphocyte  products  on  stacrophages. 

25.  (U)  77  10  -  78  09  1.  The  thermal  stability  of  gamras-lrradlated  scrub  typhus  Immun- 

igens  has  been  established,  and  the  C3H  mouse  model  has  been  used  to  establish  the 
jptlmimi  combination  of  strains  for  use  as  an  immunogen  to  provide  long-lasting  Immunity 
effective  against  a  broad  spectrum  of  challenge  strains.  2.  Current  work  has  shown  that 
lusceptlblllty  Co  scrub  typhus  infection  can  be  regulated  In  the  mouse  by  a  single 
}ene  on  chromosoam  5.  Studies  are  In  progress  to  determine  the  mechanism  of  this 
resistance.  3.  Serum  from  scrub  typhus  immune  mice  was  capable  of  reducing  the  number 

)f  rlckettslae-infected  normal  macrophages  bv  50  percent.  Rlckettslal-stlmulated  spleei 
lupematants  appeared  to  inhibit  both  cell  entry  and  intracellular  growth  of  rlckett- 
liae  In  normal  macrophages.  For  technical  report  see  Walter  Reed  Army  Institute  of 
Leaegxch  Annual- PxpgjceaA  Sgport.  l  Oct  77  -  3i)  Sept  78. 
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Work  Unit  006  Rickettsial  Dlstases  of  Military  Personnel 
Investigators. 

Principals:  Joseph  V.  Osterman.  Ph.D.;  LTC  Michael  G. 

Groves,  VC;  MAJ  Georf^e  H.G.  Elsenberg,  Jr., 

MSC;  Carol  Nacy-Mahady,  Ph.D. 

Associates:  SPS  John  A.  Hallam;  SP5  Denise  G.  Caron; 

SP5  Brian  Weatherly 

Description. 

Studies  on  the  aechanlsms  of  rickettsial  pathogenicity  and  of 
host  resistance  to  infection  have  continued.  Research  efforts 
were  concentrated  into  three  main  areas:  (1)  scrub  typhus 
vaccine  development,  (2)  host  Inanune  response  to  R.  tsutsugamushi 
infection  and  vaccination,  and  (3)  natural  resistance  to  scrub 
typhus. 

Progress. 

I.  Development  of  an  Inactivated  scrub  typhus  immunogen. 

A.  Effects  of  temperature  on  the  stability  of  Gamma- 
irradiated  scrub  typhus  Immunogens. 

This  laboratory  recently  reported  on  the  efficacy  of  scrub 
typhus  immunogens  prepared  by  exposing  infected  20X  yolk  sac 
suspensions  of  R.  tsutsugamushi  to  100  Krad  of  gamma  radiation 
(1).  In  that  study,  the  ticket tslae  were  frozen  and  stored  at 
-70C  until  irradiated.  They  were  then  thawed  rapidly  at  37C  and 
used  immediately.  This  regimen  was  used  because  we  had  not 
established  the  effect  of  gamma  radiation  on  the  thermostability 
of  scrub  typhus  rlckettslae,  organisms  noted  for  their  instability. 
Therefore,  in  this  study,  we  have  examined  the  effects  of  prolonged 
frozen  storage  and  of  brief  thawed  periods  on  the  stability  of  the 
immunogens.  These  results  were  contrasted  with  the  effects  of  the 
same  conditions  on  the  lethality  of  the  unirradiated  organisms. 

Assays  were  performed  in  female  BALB/c  mice,  18  to  22  g,  using 
intraperitoneal  (l.p.)  Injection  In  a  standard  volume  of  0.2  ml 
for  Immunization  and  challenge.  Immunogens  and  homologous  challenge 
suspensions  were  prepared  from  Infected  yolk  sacs  of  the  Karp 
strain  of  tsutsugamushi  following  procedures  previously 


described  (1).  Yolk  sac  preparations  >f  the  Kaco  strain  were 
used  for  heterologous  challenge.  Animals  were  observed  for 
deaths  occurring  6-28  days  post-challenge,  and  50Z  end  points 
were  calculated  from  the  mortality  data.  Immunogen  concentration 
was  expressed  In  SOX  mouse  lethal  dose  (MLDcq)  units  based  on  the 
MLOjq  titer  of  the  suspension  before  Irradiation. 

The  capacity  of  300  Krad  gamma-irradiated  rlckettslae  to  Induce 
effective  Immunity  was  assessed  after  frozen  storage  at  both  -70C 
and  -20C.  Using  a  vaccination  regimen  that  had  been  shown  prev¬ 
iously  to  provide  excellent  protection  to  mice  (1),  injections 
of  1.6  X  10”  MLDcq  units  of  stored  Immunogen  were  administered  on 
days  0,  5,  and  10.  On  day  31,  challenge  preparations  of  Karp  and 
Kato  were  titrated  in  Immunized  and  control  animals.  This 
schedule  was  repeated  after  storage  for  3,  6,  and  12  months. 

The  results  (Table  1)  Indicate  that  there  was  no  significant 
decrease  In  the  capacity  of  irradiated  organisms  to  confer  pro¬ 
tection  against  homologous  challenge  after  storage  at  -70C  for 
12  months.  In  addition,  no  significant  decline  in  the  lethality 
of  unlrradlated  Karp  was  observed  during  this  period.  However, 
Immunity  Indices  for  Kato  challenge,  which  remained  relatively 
constant  for  the  first  6  months,  declined  25-fold  by  12  months. 

The  adverse  effect  of  storage  at  -20C  became  evident  more  rapidly. 
The  Innunlty  index  for  homologous  challenge  decreased  100-fpld 
after  3  months  storage,  and  was  reduced  by  approximately  10^ 
after  12  months.  The  ability  to  elicit  heterologous  protection 
waned  very  rapidly  at  this  temperature,  being  undetectable  after 
3  months  storage.  The  titer  of  the  virulent  rlckettslae  stored 
at  -20C  also  declined  rapidly  during  the  first  3  months  of  storage. 
However,  a  small  percentage  of  the  organisms  were  able  to  retain 
viability,  as  no  further  reduction  in  MLD^q  was  observed  at  6 
months.  Thus,  It  appeared  that  a  fragile  component  in  the 
irradiated  Immunogen  responsible  for  heterologous  (Kato)  protection 
may  have  xmdergone  alow  deterioration  during  storage  at  -70C,  and 
that  the  rate  of  deterioration  was  Increased  markedly  by  storage 
at  -20C. 


We  also  assayed  the  stability  of  immunogens  at  4C  and  37C. 
Because  extracellular  scrub  typhus  organisms  are  quite  labile 
at  37C,  the  observation  period  was  limlced  to  8  hr.  We  used  the 
50Z  protective  dose  (PD^q)  assay  (1)  to  test  for  immunogen 
deterioration.  This  procedure  Involved  a  single  Injection  of 
immunogen  diluted  In  10-fold  Increments  followed  by  a  10^ 
challenge  at  24  days.  Calculations  from  subsequent  mortality 
data  yielded  the  number  of  MLUi^q  units  required  to  protect  50Z 
of  vaccinated  mice  against  the  standard  homologous  or  heterologous 
chal lenge . 


A  comparison  of  Che  stability  of  Immunogens  and  virulent 
rlckettslae  at  4C  and  37C  Is  shown  in  Table  2.  At  AC,  the 
temperature  normally  used  for  short  term  maintenance  of  blologlcals 
during  experimentation,  both  P^cq  homologous  challenge  and 
HLO^q  of  virulent  rlckettslae  reinalned  constant  for  8  hr.  The 
PDcq  for  heterologous  challenge  was  unaffected  at  A  hr,  but  ex¬ 
hibited  a  modest  rise  by  8  hr,  indicative  of  a  decrease  in  potency 
of  the  lemunogen.  At  37C,  the  ability  of  the  Immunogen  to  elicit 
homologous  loimunlty  was  reduced  approximately  AO-fold  within  A 
hr,  and  the  titer  of  virulent  rlckettslae  was  depressed  similarly. 
However,  Che  protective  capacity  of  Che  immunogen  against  Kato 
challenge  was  abolished.  After  8  hr  at  this  temperature,  the 
lethality  of  Che  unlrradlated  organisms  was  also  abolished,  but 
no  further  change  In  homologous  was  apparent. 

In  these  studies,  unlrradlated  R.  tsutsugamushl  were  stable 
during  storage  for  12  months  at  -70C  or  for  8  hr  at  AC.  Gamma- 
irradiated  immunogens  were  slightly  less  stable  at  these  temper¬ 
atures,  and  could  be  maintained  only  for  6  months  at  -70C  and  for 
A  hr  at  AC  without  loss  in  immunogenicity.  Immunogen  stability 
monitored  by  both  assays  Indicated  Chat  at  least  two  components 
were  required  for  full  potency,  and  chat  the  one  required  for 
stimulation  of  immunity  to  Kato  challenge  was  more  labile  at  each 
temperature  than  was  Che  component  which  elicited  homologous 
immunity. 


B.  The  initial  phase  of  the  Immune  response  after 
vaccination  with  gamma-irradiated  scrub  typhus  immunogens. 

In  Che  annual  report  for  FY  77  we  noted  that  Immunity  to 
homologous  strain  (Karp)  challenge  developed  quite  rapidly,  being 
at  maximum  level  when  first  tested  on  day  17,  7  days  after  Che 
third  injection  of  300  krad  gamma-lrradlated  Karp  immunogen.  At 
Chat  time,  Che  mice  were  also  resistant  to  challenge  with  10^ 
MLD-j,  of  Kato,  a  heterologous  strain  of  R.  tsutsugamushl.  Subse¬ 
quently,  we  have  tested  further  the  rapidity  with  which  an 
effective  Immune  response  is  induced  by  challenging  the  mice  at 
successively  earlier  times  within  Che  vaccination  regimen.  For 
clarity,  Che  results  depleted  in  Fig.  1,  have  been  Integrated 
with  the  results  of  the  previous  long  term  study.  Thus,  resis¬ 
tance  CO  homologous  challenge  developed  quite  rapidly,  being 
effective  against  a  10^  ^^30  ^  days  after  Che  first 

injection  of  immunogen  and  reaching  peak  level,  as  noted  above, 

7  days  after  completion  of  the  vaccination  regimen.  However, 
immunity  to  heterologous  challenge  developed  more  slowly.  Signi¬ 
ficant  resistance  to  Kato  was  not^ achieved  until  day  17,  when  the 
animals  were  protected  against  lO"^  ^^*^50  Kato.  Since 


Table  2.  Effect  of  temperature  on  stability  of  gamma-lrradlated  Karp  Immunogens  and 
unlrradlated  rlckettslae  after  thawing. 
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IMMUNITY  index 


KARP  CHALLENGE 
□  KATO  CHALLENGE 


5  10  17  24  31  38  4  5  91  182  2  73  364 

CHALLENGE  DAY 


Figure  1.  Development  and  duration  of  homologous  and 

heterologous  Immunity  achieved  by  vaccination 
with  gamma-1 1  radiated  Karp.  Vaccination 
regimen  consisted  of  3  l.p.  Injections  of 
1  X  10®  MLD30  immunogen  given  at 

5  day  intervals.  Vertical  brackets  delimit 
^  standard  deviation. 
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homologous  protection  wa:..  siibst.intl.i I  S  days  after  the  first 
immunogen  injection,  It  was  ol  Interest  to  determine  the  earliest 
time  at  which  the  gamma- Irradiated  rlckettslae  induced  a  protective 
response.  In  the  Initial  experiment,  standard  suspensions  of 
Karp  and  Kato  were  each  diluted  In  irradiated  Karp  immunogen  and 
titrated  in  mice.  The  results,  shown  In  Table  3,  Indicated  that 
the  response  Induced  by  a  single  Injection  of  Immunogen  was  cap¬ 
able  of  masking  the  presence  nt  I’OO  of  virulent  Karp,  but 

as  expected  from  the  5  day  and  10  day  heterologous  challenge 
results  (Fig.  1),  did  not  alter  the  lethality  of  the  Kato  suspen¬ 
sion.  The  transfer  of  homogenized  spleen  cells  from  survivors  of 
2  MLDcq  or  greater  Karp  challenge  to  normal  recipients  resulted 
in  death,  indicating  that  the  donors  had  sustained  and  survived 
infections  that  would  have  been  lethal  for  unprotected  animals. 

Although  the  strain  specificity  of  the  protection  suggested 
that  it  was  due  to  a  specific  linimme  response,  a  second  experiment 
was  performed  to  determine  if  non- Immunological  factors  contri¬ 
buted  by  either  gamma-irradiated  rlckettslae  or  yolk  sac  debris 
influenced  the  course  of  immediate  Infection  with  the  homologous 
strain  of  R.  tsutsugamushi .  Table  4  Indicates  that  irradiated 
yolk  sac  from  normal  embryonated  eggs  had  no  sparing  effect  on 
animals  if  injected  at  the  same  time  as  the  challenge  dose,  but 
that  an  irradiated  suspension  of  Karp  grown  in  the  yolk  sac  of 
embryonated  eggs  protected  701  of  the  mice  against  challenge  with 
500  MLO^q  viable  Karp.  Administration  of  Immunogen  four  hours 
prior  to  challenge  or  four  hours  subsequent  to  challenge  resulted 
in  60X  survival  of  anlmal.s.  Again,  homogenized  spleen  cells  from 
the  survivors  were  lethal  for  normal  recipients  Indicating  that 
the  donors  had  sustained  active  infections. 

The  rate  of  development  of  immunity  to  homologous  challenge 
after  l.p.  vaccination  was  unexpectedly  rapid.  The  results  Indi¬ 
cated  that  the  Immunogen  generated  a  rapid,  specific  Immune  response 
capable  of  protecting  mice  against  simultaneous  homologous 
challenge.  Specificity  of  resistance  was  demonstrated  by  the 
unaltered  lethality  of  a  .simultaneous  Kato  challenge.  However, 
a  number  of  years  ago,  Edsall  (2)  noted  reports  of  investigators 
who  had  observed  protection  against  challenge  with  other  Infectious 
organisms  or  toxins  administered  concurrently  with,  or  shortly 
after  vaccination.  In  somi-  Instances  early  Immune  responses  were 
implicated,  although  In  others  the  protection  appeared  to  be  due 
to  Interference  between  vaccine  and  challenge  doses  for  receptor 
sites,  emphasizing  the  importance  of  Incorporating  proper  controls 
to  reveal  contributions  by  non- Immunological  factors.  Kor  this 
reason,  we  tested  the  effects  of  Irradiated  normal  yolk  sac  and 
the  sequence  of  administration  of  challenge  and  vaccination  doses. 


I 


Table  3.  Survival  of  mice  receiving  siaultaneous  adalnlstration  of  Isunogen  and 
rickettsial  challenge. 


Table  4.  Effect  of  sequence  of  adalnlstratlon  of  lasninogen  and  hoaologous  challenge  on 
■ouse  survival. 


Irradiated  normal  yolk  sac  did  not  modify  the  lethality  of  the 
Karp  challenge,  and  it  was  not  likely  that  resistance  was  due 
to  an  Interference  phenomenon  as  administration  of  challenge 
either  before  or  after  injection  of  immunogen  resulted  in  pro¬ 
tection  similar  to  that  achieved  when  the  two  injections  were 
administered  simultaneously.  Further,  homogenized  spleen  cell 
transfers  Indicated  that  the  animals  had  survived  infection  with 
fully  virulent  rlckettslae  which  remained  harbored  in  the  spleens 
of  the  immune  survivors. 

II.  Growth  of  R.  tsutsugamushl  in  peritoneal  macrophages 
of  mice. 

The  central  role  of  the  macrophage  as  an  effector  cell  of 
both  humoral  and  cellular  Immunity  has  been  well  documented. 
Macrophages  have  been  shown  to  play  an  important  part  in  immunity 
to  several  obligate  intracellular  parasites  and  bacteria;  however, 
the  Immunologic  response  arising  during  infection  which  facili¬ 
tates  the  destruction  of  parasites  or  bacteria  by  macrophages 
varies  with  the  invading  organism. 

Cellular  Immunity  appears  to  play  a  role  in  heterologous 
strain  Immunity  during  scrub  typhus  infection  of  mice  (3);  the 
contribution  of  antibody  in  this  system  is  less  defined,  and  may 
play  a  more  prominent  role  late  in  Infection.  Histopathologic 
studies  of  experimental  murine  scrub  typhus  demonstrated  the 
presence  of  rlckettslae  in  peritoneal  macrophages  of  lethally 
Infected  mice,  but  not  in  mice  which  survived  infection  and 
were  immune  (4) . 

The  purposes  of  this  study  were  to:  (1)  evaluate  the  inter¬ 
action  of  R.  tsutsugamushl  and  BALB/c  peritoneal  macrophages  i^ 
vitro,  and  (2)  to  determine  the  immunological  factors  which 
enhance  the  Intracellular  degradation  of  R.  tsutsugamushl  in 
professional  phagocytes. 

A.  Growth  of  scrub  typhus  rlckettslae  in  peritoneal 
macrophages. 

Resident  peritoneal  macrophages  from  BALB/c  mice  supported 
the  growth  of  R.  tsutsugamushl .  strain  Gilliam  ^  vitro.  Infection 
of  macrophage  cultures  with  15  PFl!  of  Gllliam/cell  resulted  in  30% 
of  the  macrophages  containing  Intracellular  rlckettslae  one  day  after 
infection  (Fig.  2) .  There  was  a  slight  reduction  in  Infected  cells 
on  day  2,  followed  by  a  constant  increase  throughout  the  remainder 
of  the  incubation  period.  This  suggested  rlckettslae  were  released 
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PERCENTAGE  MACROPHAGES  INFECTED 


TIME  AFTER  INFECTION  (DAYS) 


Figure  2 


Growth  of  R.  tsutsugamushl,  strain  Gilliam,  In 
resident  peritoneal  macrophages.  Symbols: 

(•)  per  cent  macrophages  Infected,  (o)  average 
number  of  rlckettslae  per  Infected  cell. 


from  infected  cells  before  mai  rophaKe  lysis.  Approximately  65Z 
of  the  attached  cells  were  infected  with  rickettalae  after  4  days 
of  in  vitro  cultivation. 


The  average  number  of  rickettsiae  in  each  Infected  cell  also 
Increased  with  time,  indicating  rickettsial  proliferation  In 
macrophages.  The  Initial  exposure  of  macrophages  to  Gilliam 
resulted  in  1-3  organisms  per  infected  cell  24  hr  after  Infection 
The  rickettsiae  were  localized  in  the  perinuclear  region  of  the 
cell,  and  the  number  of  intracellular  organisms  progressively 
Increased  with  continued  Incubation.  By  5  days  after  Infection, 
the  entire  cytoplasm  of  many  of  the  macrophages  was  filled  with 
rickettsiae. 


The  Incorporation  of  radiolabeled  adenine  by  irradiated  L929 
cell  monolayers  is  enhanced  during  Infection  with  R.  tsutaugamushl 
(5).  We  employed  a  modification  of  this  radioactive  assay  to 
determine  rickettsial  Infection  of  macrophages.  The  technique 
complemented  our  microscopic  studies  and  had  the  advantage  of 
monitoring  the  entire  cell  population,  both  adherent  and  tempo¬ 
rarily  non-adherent  macrophages.  Figure  3  Indicates  that  Incor¬ 
poration  of  ^H-adenlne  was  significantly  greater  in  Gilliam 
Infected  macrophages  chan  lii  normal  macrophages  after  3  or  4 
days  Incubation.  These  data  directly  supported  our  visual  obser¬ 
vations  (Fig.  2)  and  established  the  capacity  of  scrub  typhus 
rickettsiae  to  propagate  in  macrophages.  We  then  examined  several 
Immunological  factors  which  might  enable  Che  macrophage  to  control 
a  rickettsial  Infection  in  vitro. 


B.  Effect  of  antibody  on  Gilliam  proliferation  In 


macrophages 


The  optimum  time  and  temperature  of  Incubation  of  Gilliam 
with  specific  immune  sera  was  determined  to  be  10  min  at  37  C; 
this  treatment  optimized  the  effect  of  antibody  while  reducing 
Che  loss  of  rickettsial  Infectivlty  seen  with  longer  extracellular 
Incubation  periods.  The  rickettsiae  were  treated  with  a  final  1/2 
dilution  of  immune  or  normal  mouse  serum  and  Chen  added  to  peri¬ 
toneal  cell  cultures  for  a  standard  adsorption  period  of  1  hr. 

In  samples  removed  immediately  after  exposure  to  normal  serum- 
treated  rickettsiae,  20Z  of  the  macrophages  contained  an  average 
of  1.2  Intracellular  organisms  (Table  5).  In  contrast,  treatment 
of  rickettsiae  with  Immune  serum  enhanced  both  the  number  of 
macrophages  containing  rickettsiae  and  Che  number  of  organisms  per 
cell:  29X  of  these  macrophages  had  2.1  intracellular  rickettsiae. 
Initial  percentages  of  Infected  macrophages  dropped  from  30Z  for 
untreated  rickettsiae  (Fig.  2)  to  20X  for  normal  serum- treated 
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Figure  3.  Incorporation  of  radiolabeled  adenine  by  macrophage 
cultures.  Open  bars  Indicate  uninfected  macrophage 
cultures,  shaded  bars  indicate  macrophage  cultures 
aham>inoculated  with  tissue  culture  material  similar 
to  that  in  which  the  rickettsial  seed  Is  grown,  and 
stippled  bars  indicate  rlckettsiae- infected  macrophage 
cultures.  Significant  difference  from  control  cultures 
Is  denoted  by  *  (p  <  0.05). 


rlckettslae  (Table  3).  This  decrease  as  due  to  the  extracellular 
Incubation  of  rlckettslae  rather  than  he  normal  mouse  serum, 
since  rlckettslae  Incubated  in  medium  lone  for  10  min  at  37  C 
Infected  only  19Z  of  the  cells  in  a  macrophage  culture. 

By  day  one  post  infection,  the  percentage  of  cells  containing 
Intracellular  organisms  in  cultures  exposed  to  immune  serum-treated 
rlckettslae  had  decreased  to  8X,  indicating  that  antibody  did 
enable  a  substantial  number  of  macrophages  containing  intracellu¬ 
lar  rlckettslae  initially  to  avoid  infection.  In  contrast,  cultures 
Infected  with  normal  serum-treated  rlckettslae  maintained  an 
Infection  of  18Z.  The  number  of  rlckettslae  In  Infected  macro¬ 
phages  of  both  cultures,  however.  Increased  at  approximately  the 
same  rate  over  time,  suggesting  that  the  replication  of  rlckettslae 
In  Infected  cells  was  not  significantly  affected  by  the  presence 
of  antibody.  By  the  fojirth  day  In  culture,  secondary  Infections 
were  seen  In  macrophage  cultures  exposed  to  rlckettslae  pretreated 
with  both  normal  and  immune  serum:  50Z  of  the  macrophages  exposed 
to  normal  serum-treated  rlckettslae,  and  32Z  of  the  macrophages 
exposed  to  Immune  serum-treated  rlckettslae  were  Infected.  The 
majority  of  these  cells  contained  rlckettslae  in  numbers  too 
numerous  to  count. 

Antibody  clearly  augmented  the  intracellular  destruction  of 
rlckettslae  as  evidenced  by  the  two-fold  reduction  In  the  percen¬ 
tage  of  cells  productively  infected  in  cultures  exposed  to  Immune 
serum-treated  rlckettslae  compared  to  normal  serum  controls.  The 
Initial  uptake  and  subsequent  rickettsial  proliferation  in  macro¬ 
phage  cultures  Infected  with  serum-treated  rlckettslae  was  not 
enhanced  further  with  the  use  of  a  high  titered  hyperimmune  serum. 

Antibody-coated  rlckettslae  are  capable  of  penetrating  and 
replicating  In  several  cell  types.  This  mode  of  entry  into  macro¬ 
phages  might  circumvent  the  normal  degradative  process  of  phago¬ 
lysosome  formation  and  allow  proliferation  of  the  rlckettslae. 

A  persistent  fraction  of  the  macrophages  exposed  to  Immune  serum- 
treated  rlckettslae  did  support  the  growth  of  scrub  typhus,  even 
In  the  presence  of  excess  antibody.  This  suggested  that  additional 
mechanisms  of  enhancing  rickettsial  degradation  by  macrophages  may 
be  In  effect  during  scrub  typhus  infection  ^  vivo.  This  possi¬ 
bility  was  examined  by  treating  macrophages  with  lymphoklne-rich 
spleen  cell  supernatants  prior  to  infection  with  rlckettslae. 

C.  Effect  of  lymphoklnc  activation  of  macrophages  on 
intracellular  growth  of  Cilliam. 

Spleen  cells  of  BAl.B/c  mice  Infected  21  days  previously  with 
Gilliam  were  cultured  in  the  presence  of  heat-killed  rlckettslae 
for  approximately  30  hr.  Culture  supernatants  of  these  cells 
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contained  a  lynphoklne  whli'.i  activate  normal  macrophages  for 
tumor  cytoxlclty  ^  vitro.  The  supernatants  were  applied  to 
normal  macrophage  monolayers  for  A  hr  at  3A  C;  the  cell  sheets 
were  washed  and  Infected  with  viable  rickettslae.  The  results 
are  shown  in  Fig.  4.  By  one  day  after  infection,  19Z  of  the 
macrophages  exposed  to  control  supernatants  contained  an  average 
of  5  rickettslae  per  Infected  cell.  In  contrast,  only  4.5Z  of 
the  macrophages  exposed  to  the  lymphokine-rich  supernatants  con¬ 
tained  approximately  3  rickettslae  per  cell.  This  7SZ  reduction 
in  the  nuBd>er  of  Infected  macrophages  in  cultures  Created  with 
lymphokines  persisted  through  48  hr  after  infection.  Rickettslae 
did  proliferate  in  Infected  cells  of  activated  macrophage  cultures; 
they  reproduced  more  slowly  in  these  cells,  however  Chan  in  un¬ 
created  macrophages.  These  data  suggest  that  the  activated  macro¬ 
phage  is  capable  of  suppressing  a  rickettsial  infection  vitro 
in  the  absence  of  specific  antibody. 

D.  Effect  of  jji  vivo  activation  of  macrophages  on 
Intracellular  growth  of  Gilliam. 

Suppression  of  rickettsial  growth  by  macrophages  activated 
in  vitro  could  reflect  an  vivo  phenomenon  during  experimental 
scrub  typhus  infection.  In  order  Co  investigate  this  possibility, 
macrophages  were  removed  from  Cllllam-lnfected  mice  at  a  time 
when  the  mice  were  immune  to  further  challenge.  Macrophages  were 
harvested  from  mice  inoculated  l.p.  9  days  previously  with  a  non- 
lethal  dose  of  Gilliam.  These  macrophages  were  shown  by  Giemsa- 
stained  cytocentrlfuge  preparations  to  be  free  of  Intracellular 
rickettslae  and  highly  vacuolated  at  the  time  of  harvest.  Addi¬ 
tionally,  they  were  capable  of  killing  tumor  cells  in  the  macro¬ 
phage  tumor  cytotoxicity  assay,  an  index  of  macrophage  activation, 
suggesting  that  this  was  an  activated  macrophage  population.  When 
these  activated  macrophages  were  placed  in  culture  and  infected 
with  approximately  15  PFU  Gil liam/cell,  only  5Z  of  the  macrophages 
contained  intracellular  rickettslae  one  day  after  infection 
(Fig.  5).  The  number  of  infected  macrophages  actually  decreased 
with  time  in  culture.  Comparison  of  these  data  with  that  of 
normal  macrophage  cultures  (Fig.  2),  where  the  30X  initially 
Infected  macrophages  increased  to  6SZ  with  4  days  incubation, 
suggested  that  macrophages  activated  during  the  course  of  scrub 
typhus  infection  suppressed  rickettsial  proliferation  ^  vitro 
and  prevented  subsequent  secondary  Infection  of  cells  as  well. 

The  rickettslae  did  increase  in  the  small  number  of  macrophages 
that  sustained  the  rickettsial  infection,  as  is  seen  by  an 
increasing  average  number  of  intracellular  rickettslae  over  time 
(Fig.  5).  Activated  macrophages  infected  with  Gilliam  never 
Incorporated  more  radiolabeled  adenine  than  control  cultures 
throughout  the  entire  assay  period  (Fig.  6),  indicating  that  the 
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TIME  AFTER  INFECTION  (HOURS) 


Figure  4,  Effect  of  lymphokine  activation  of  macrophages  prior 

Co  rickettsial  infection.  Open  bars  Indicate  Infected 
macrophages  in  cultures  pretreated  with  spleen  cell 
supernatants  of  normal  mice,  stippled  bars  Indicate 
infected  macrophages  in  cultures  pretreated  with 
lymphokine-containing  spleen  cell  supernatants  of 
Gilliam-infected  mice.  Symbols:  (•)  rickettsial  growth 
in  control  macrophage  ».ultures,  (o)  rickettsial  growth 
in  lymphoklne-actlvated  macrophage  cultures. 


time  after  infection  (DAYS) 


Figure  5 


^  vivo  activation  of  macrophages  prior  to  rickettsial 
Infection:  macrophages  harvested  from  9  day  Gllllam- 
Infected  mice.  Symbols:  (e)  percentage  of  macrophages 
Infected,  (o)  average  number  of  rlckettslae  per 


TIME  AFTER  INFECTION  ( DAYS  ) 


Figure  6 


Incorporat ion  of  radiolabeled  adenine  by  macrophage 
cultures  activated  ^  vivo ;  macrophages  harvested 
from  9  day  Gill (am-lntected  mice.  Open  bars  indicate 
uninfected  macrophage  cultures,  shaded  bars,  macro¬ 
phages  sham-1 nf ec ted  with  tissue  culture  material 
similar  to  that  in  which  rickettsial  seed  is  grown, 
and  stippled  bars,  macrophages  exposed  to  rickettsiae 


decrease  In  infected  macrophat^os  observed  microscopically  was  not 
due  to  cell  detachment.  These  data  suggest  that  macrophages 
activated  Iri  vivo  are  also  refractory  to  rickettsial  Infection 
In  vitro. 

Both  the  visual  and  radioactive  data  support  the  conclusion 
that  normal  macrophages  do  not  control  rickettsial  Infection  once 
the  rlckettslae  are  established  in  the  cytoplasm  of  the  cell. 

The  rlckettslae  appeared  to  multiply  in  macrophages  at  about,  the 
same  rate  they  replicate  In  non-professional  phagocytic  cells. 

The  number  of  Infected  macrophages,  as  well  as  the  number  of  Intra¬ 
cellular  rlckettslae.  Increased  with  continued  Incubation,  suggest¬ 
ing  that  the  rlckettslae  were  indeed  replicating  In  the  Infected 
cells  and  were  capable  of  migrating  from  infected  macrophages  prior 
to  cell  lysis.  The  Incorporation  of  radiolabeled  adenine  Into 
Infected  macrophage  cultures  clearly  supported  the  data  obtained 
by  visual  examination  of  the  cells.  Although  the  sensitivity  of 
the  assay  was  not  sufficient  to  distinguish  the  Initial  infection, 
subsequent  rickettsial  proliferation  and  secondary  Infection  were 
easily  dlscernable.  Infected  macrophages  Incorporated  signifi¬ 
cantly  greater  adenine  than  control  cultures  by  3  and  4  days  of 
Incubation,  a  time  at  which  approximately  40%  of  the  macrophages 
contained  greater  than  10  rlckettslae  per  cell. 

In  this  study,  we  investigated  the  ability  of  antibody  and 
lymphoklnes  to  enable  normal  macrophages  to  suppress  rickettsial 
growth  jji  vitro.  Tlje  sequence  of  events  leading  to  active 
immunity  in  rickettsial  Infections  is,  at  best.  Incompletely 
understood.  Since  the  macrophage  plays  such  a  crucial  role  In 
both  the  afferent  and  efferent  aspects  of  an  Immunological  response, 
they  are  probably  rendered  capable  of  suppressing  rickettsial 
growth  early  In  infection.  In  other  bacterial  systems,  elimina¬ 
tion  of  bacteria  by  macrophages  is  facilitated  by  the  presence  of 
specific  antibodies  or  macrophage-activating  lymphocyte  products. 

Because  macrophages  have  surface  receptors  for  the  Fc  portion 
of  immunoglobulins,  a  humoral  Immune  response  greatly  augments 
macrophage  phagocytosis  and  disposal  of  antigens.  Treatment  of 
R.  tsutsugamushl  with  Immune  serum  prior  to  infection  of  resident 
peritoneal  macrophages  enhanced  the  Initial  uptake  of  rlckettslae 
by  these  cells.  Comparison  of  the  number  of  macrophages  contain¬ 
ing  Intracellular  organisms  Immediately  and  one  day  after  exposure 
to  Immune  serum-treated  rlckettslae  suggested  that  many  of  the 
treated  rlckettslae  entering  the  macrophages  were  subsequently 
digested  by  the  cells.  Overall,  comparing  macrophage  cultures 
exposed  to  Immune  serum-  and  normal  senim-t rented  rlckettslae, 
there  was  a  two-fold  reduction  In  the  number  of  Infected  macro¬ 
phages  when  the  rlckettslae  were  pretreated  with  antibody.  Tlie 
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effect  of  antibody  on  si  tub  typhu.i  inlectlon,  however,  was  not 
as  dramatic  as  reported  for  K.  prowazekl  In  human  macrophages, 
where  virtually  100%  of  the  culls  were  refractory  to  rickettsial 
Infection  In  the  presence  of  antibody. 

A  persistent  fraction  of  macrophages  exposed  to  immune  serum- 
treated  scrub  typhus  rickettslae  became  infected  and  supported  the 
growth  of  rickettslae.  Earlier  studies  have  suggested  that  anti¬ 
body  coated  R,  tsutsugamtishl  Is  fully  capable  of  penetrating  and 
replicating  In  non-phagocyttc  cell.s.  Rickettsial  penetration  of 
the  macrophage,  circumventing  the  normal  degradatlve  process  of 
phagolysosome  formation,  may  account  for  the  persistent  fraction 
of  Infected  macrophages  following  exposure  to  Immune  serum-treated 
rickettslae.  Another  possibility  la  that  the  population  hetero¬ 
geneity  suggested  by  the  low  Initial  susceptibility  of  normal 
macrophages  is  a  functional  heterogeneity.  R.  tsutsugamushl  was 
capable  of  Infecting  In  culture  approximately  30%  of  the  adherent 
resident  peritoneal  cells  of  BALB/c  mice.  This  Initial  Infectl- 
vlty  of  rickettslae  for  macrophages  was  the  same  over  a  multipli¬ 
city  of  Infection  (MOI)  of  3-30  PFU  per  cell  and  may  reflect  a 
remarkably  consistent  heterogeneous  susceptibility  of  the  cell 
population.  A  standard  MOI  of  15  PFU  per  macrophage  was  used 
throughout  the  study.  Cells  that  become  Infected  following  ex¬ 
posure  to  immune  serum-treated  rickettslae  may  not  have  Fc 
receptors,  may  not  be  as  highly  ph.'igocytlc  as  cells  resisting 
Infection,  or  may  normally  respond  to  lymphocyte  products  In  a 
cellular  response. 

Macrophages  activated  by  lymphoklnes  ^  vitro  are  capable 
of  suppressing  rickettsial  growth  In  the  absence  of  antibody. 

When  normal  macrophages  were  subjected  to  lymphoklnes  containing 
no  detectable  rickettsial  antibody,  there,  was  a  75%  reduction  In 
the  number  of  infected  macrophages  one  day  after  exposure  to 
rickettslae.  This  reduction  was  constant  through  48  hr. 

Rickettsial  proliferation  within  infected  cells  of  the  activated 
macrophage  cultures  was  slower  (two-fold  Increase  in  intra¬ 
cellular  rickettslae)  than  In  control  macrophage  cultures  (three¬ 
fold  Increase).  The  activated  state  of  macrophages  exposed  to 
lymphoklnes  In  vitro  Is  relatively  short;  therefore,  the  lymph- 
oklne  experiments  were  terminated  prior  to  the  time  secondary 
Infections  occur  in  normal  macrophage  cultures. 

Cellular  immunity  appears  to  play  an  Important  role  in  resis¬ 
tance  to  rickettsial  disease.  This  Is  suggested  by  the  appearance 
of  delayed  hypersensitivity  (6)  and  the  demonstration  of  several 
correlates  of  cellular  Immunity  i_n  vitro  following  recovery  from 
Infection  (7).  In  experimental  scrub  typhus  infection  of  mice, 
heterologous  strain  immunity  was  adoptively  transferred  with  splenic 


T  cells  from  Inoculated  mlct'  as  early  as  7  days  after  Infection 
(3).  Since  normal  resident  niaetepliaites  exposed  to  lymphokines 
in  vitro  were  capable  of  suppressing  rickettsial  growth,  we  were 
Interested  in  determining  whether  maorophages  become  activated 
for  rickettsial  suppression  In  the  early  stages  of  rickettsial 
disease,  when  cellular  immunity  Is  present  but  circulating 
antibody  cannot  be  demonstrated.  Peritoneal  macrophages  from 
mice  Inoculated  9  days  previously  with  Gilliam  and  free  of 
Intracellular  rlckettslae  were  capable  of  killing  tumor  cells 
in  vitro,  an  index  of  macrophage  activation.  They  were  also 
capable  of  suppressing  rickettsial  Infection,  since  only  5%  of 
the  cells  contained  Intracellular  organisms  one  day  after  exposure 
to  viable  rlckettslae.  In  contrast  to  jUi  vitro  lymphoklne  stimu¬ 
lation,  the  number  of  Infected  macrophages  in  this  population 
actually  declined  with  time  In  culture,  and  secondary  infections 
were  not  evident  with  either  vis\\al  or  radioactive  data.  Macro¬ 
phages  activated  during  the  course  of  rickettsial  infection  in 
vivo,  then,  are  also  capable  of  suppressing  rickettsial  growth. 

Clearly,  there  are  several  ways  in  which  a  resident  peritoneal 
macrophage  may  become  resistant  to  scrub  typhus  infection. 

Neither  antibody  nor  lympho'<  I  m  ai  tivatlon  alone  was  capable  of 
reducing  rickettsial  Infection  of  mouse  macrophages  completely. 

This  suggests  a  cooperative  response  between  cellular  and  humoral 
immunity  in  the  Intact  animal  may  be  necessary  to  completely 
resist  infection.  Our  findings  do,  however,  extend  our  previous 
observations  on  the  role  of  cellular  Immunity  In  primary  scrub 
typhus  infections  (3),  as  gi'ueratlon  of  lymphoklne-actlvated 
macrophages  both  i_n  vivo  and  in  vI_^ro  renders  the  cells  refractory 
to  rickettsial  infection.  Further  sttidles  on  the  mechanlsm(s)  by 
which  activated  macrophages  suppress  rickettsial  Infection  are 
currently  in  progress. 

III.  Mapping  of  the  gene  controlling  natural  resistance  to 
R.  tsutsugamushl  infection  in  mice. 

Inbred  mouse  strains  differ  dramatically  in  their  natural 
resistance  to  a  number  of  infectious  agents.  Resistance  to  certain 
viral  agents  has  been  linked  to  the  H-2  complex  and  may  represent 
the  effect  of  Ir  gene  function.  However,  susceptibility  to  a 
variety  of  bacterial,  viral,  and  protozoal  Infections  has  been 
found  to  be  under  non-H-2  llnkeil  genetic  control  which  may  reflect 
resistance  mechanisms  other  than  those  involving  specific  Immune 
recognition.  We  recently  reported  that  natural  resistance  to 
the  Gilliam  strain  of  R.  tsutsuganiushj^  was  controlled  by  a  single, 
autosomal,  dominant,  non-H-2  linked  gene. 


In  Che  present  InvosCigac ion,  we  have  continued  these  studies 
and  attempted  to  map  the  chromosomal  location  of  this  gene. 

Using  recombinant  Inbred  (Rl)  strains,  of  mice,  we  have  found 
that  this  gene  is  located  on  chromosome  3,  closely  linked  to  the 
retinal  degeneration  (rd)  locus,  and  have  confirmed  this  with  a 
backcross  linkage  analyssls.  We  have  assigned  to  It  the  desig¬ 
nation  Rlc,  with  £  and  s  representing  the  resistant  and  susceptible 
alleles  respectively. 

A.  Response  of  Inbred  mouse  strains  to  R.  tsutsugamushl . 

Three  strains,  C57BL/6J,  C3H/HeJ  and  DBA/2J  were  chosen 
for  analysis  because  they  were  either  resistant  or  susceptible  and 
Che  progenitors  of  two  large  sets  of  Rl  mouse  strains.  The 
relative  resistance  of  these  strains  to  R.  tsutsugamushl  Gilliam 
strain  Is  Illustrated  In  Fig.  7.  C57BL/6J  mice  were  resistant  to 
all  doses  of  tsutsugamushl  tested  up  to  a  dose  of  10^  MIDcq. 

In  contrast,  100%  of  C3H/HeJ  and  DBA/2j  mice  were  killed  by  10^ 
MIDcq.  From  the  figure.  It  Is  clear  that  a  dose  of  10^  MID^q  will 
kill  all  susceptible  mice  and  not  kill  resistant  mice.  Therefore, 
this  dose  was  utilized  for  the  remainder  of  the  study. 


B.  Response  of  recombinant  Inbred  (Rl)  mouse  strains  to 
R.  tsutsugamushl. 

Two  Rl  lines  were  used  to  map  Che  rickettsial  gene.  Rl 
strains  are  powerful  tools  for  the  study  of  genetic  segregation, 
linkage,  and  plelotroplc  effects  of  allelic  differences  (9). 

Such  strains  are  produced  by  inbreeding,  beginning  with  randomly 
chosen  pairs  of  mice  from  the  F2  generation  of  the  cross  between 
two  dissimilar  progenitor  strains.  In  our  study,  Che  BXD  Rl  strains 
were  derived  from  a  cross  of  C57BL/6J  and  DBA/2J  mice,  and  the 
BXH  strains  were  derived  from  a  cross  of  C57BL/6J  and  C3H/HeJ. 
Twenty-three  different  BXD  strains  (3  mice/straln)  were  Infected 
with  10^  MID5Q  of  R.  tsutsugamushl,  and  their  susceptibility 
determined.  Only  groups  showing  100%  survival  or  resistance  in  an 
Individual  trial  were  included.  Eleven  strains  were  resistant  and 
12  susceptible  (Table  6) .  Of  all  the  known  mapped  chromosomal 
markers  In  these  lines,  analysis  of  the  pattern  of  resistance 
suggested  a  possible  linkage  to  the  chromosome  5  marker  for 
phosphoglucomutase-1  (Pgm-1) ,  since  only  8  of  23  strains  reveals 
crossovers  between  Rlc  and  Pgm-1 .  Had  no  linkage  occurred, 
approximately  50%  of  the  strains  would  have  exhibited  crossovers. 


In  order  to  confirm  this  linkage  we  next  analyzed  the  resist¬ 
ance  pattern  of  13  BXH  strains,  which  have  been  typed  for  2 
additional  chromosome  5  markers,  glucuronidase  (Gus)  and  retinal 
degeneration  (jy!) .  Nine  strains  were  susceptible  and  A  resistant 
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Table  6.  Susceptibility  of  BXD  reconbinant  inbred  mice  to  Rickettsia  tsutsugaaushi. 


to  R.  tautsugamushl  (Table  7) .  Analysis  of  Che  pattern  of  resis¬ 
tance  In  these  strains  confirmed  the  linkage  to  Pgm-l  and.  In 
addition,  suggested  that  Rlc  was  closely  linked  to  rd  since  there 
was  no  crossover  between  Rlc  and  rd.  In  contrast,  there  were  4 
crossovers  between  Pgm-l  and  Rlc  and  5  crossovers  between  Gus  and 
Rlc. 


C.  Backcross  linkage  analysis  between  Rlc  and  chromosome 
S  markers. 

We  next  performed  a  backcross  linkage  analysis  In  order  to 
obtain  a  better  estimate  of  the  distance  between  rd  and  Rlc  and 
Co  possibly  establish  the  correct  gene  order  for  these  two  loci. 
(C57BL/6J  X  DBA/2J)  Fj^  male  mice  were  backcrossed  to  DBA/2J 
females.  The  progeny  were  first  typed  for  Pgm-l  and  subsequently 
tested  for  resistance  to  R.  t s u ts ugamush .1 .  Of  the  53  mice  tested, 
there  were  only  10  recombinants  (Table  8) .  Six  resistant  mice 
possessed  the  Pgm-l  genotype  of  the  susceptible  DBA/2J  parent 
(bb),  while  4  susceptible  mice  possessed  the  genotype  of  the 
resistant  parent  (ab) .  These  results  confirmed  the  linkage  of 
Rlc  to  Pgm-l . 

In  order  to  analyze  the  distance  of  Rlc  from  rd,  (C57BL/6J 
X  C3H/HeJ)  F^  mice  were  backcrossed  to  C3H/HeJ  females.  The 
progeny  were  first  tested  for  rd  and,  subsequently,  tested  for 
rickettsial  resistance.  Only  three  crossovers  between  Rlc  and 
rd  were  found  among  the  50  backcross  progeny  tested  (Table  9) . 

In  order  to  determine  the  gene  order,  a  three-point  cross  was 
performed.  Twenty-five  of  the  backcross  progeny  listed  in  Table  9 
were  tested  for  Pgm-l,  rd,  and  Rlc .  Only  two  crossovers  between 
Rlc  and  were  found  out  of  the  25  backcross  mice  tested  (Table 
10).  In  these  two  mice,  the  Pgm-l  genotype  remained  linked  to  the 
rd  genotype,  and  no  doublvj  crossovers  occurred  suggesting  the  gene 
order  Pgm-1-rd-Rlc. 

The  data  presented  here  demonstrate  that  Rlc,  the  gene  control¬ 
ling  resistance  to  scrub  typhus  in  mice,  is  located  on  chromosome 
5  closely  linked  to  the  gene  that  controls  retinal  degeneration 
(rd) .  No  crossovers  between  Rlc  and  ^  were  found  among  the  13 
BXH  RI  strains  tested  and  only  3  recombinants  between  Rlc  and  £d 
occurred  among  50  backcross  progeny. 

We  propose  the  gene  order  Pgm-1-rd-Rlc-Gus  since  In  the  two 
crossovers  found  In  the  backcross  progeny,  the  Pgm-l  and  r^  geno¬ 
types  remained  linked.  Interchanging  rd  and  Rlc  would  require 
postulating  multiple  crossovers. 
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Table  7.  Susceptibility  of  BXH  reconb inant  Inbred  alee  to  Rickettsia  tsutsugamushl. 
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The  recombination  frequency  (RF)  between  _rd  and  Rlc  was 
.06  (3/50)  in  the  backcroas  progeny.  No  reconiblnants  between 
rd  and  Ric  were  found  among  13  RI  strains.  Thus,  we  can  calcu¬ 
late  the  RF  between  these  loci  to  be  .06  or  less. 

The  recombinates  between  Pgm-1  and  Ric  in  the  RI  strains  (BXD 
and  BXH)  was  14/36.  Using  available  formulae  Che  RF  can  be 
estimated  to  be  0.23.  This  estimate  is  an  excellent  agreement 
with  that  obtained  from  the  backcross  data  0.22  (17/78).  This 
distance  is  also  consistent  with  the  gene  order  Pgm-l-rd-Ric 
because  interchanging  these  loci  would  place  Ric  much  closer 
to  Pgm-1. 

As  far  as  we  can  determine,  there  is  no  connection  between 
Rlc  and  the  genes  that  control  natural  resistance  to  any  other 
tested  Infectious  organism.  Bradley  et  al.  have  recently  mapped 
a  gene  that  controls  resistance  to  Lelshmanla  donovanl  (Lsh)  in 
mice  to  chromosome  1  (Mouse  Newsletter,  July  1978,  pg.  56-57). 
Therefore,  Lsh  is  clearly  different  from  Ric.  Similarly,  com¬ 
parison  of  the  distribution  of  resistance  patterns  among  inbred 
mouse  strains  to  Salmonella  typhimurlum.  Listeria  monocytogenes , 
Corynebac ter ium  kutscherl.  Toxoplasma  gondii,  or  Herpes  simplex 
virus  indicates  that  Rlc  does  not  control  resistance  to  any  of 
these  agents.  Furthermore,  the  locus  does  not  even  control 
resistance  to  every  strain  of  R.  tsutsugamushi  because  all 
strains  of  mice  tested  have  been  equally  susceptible  to  the  Karp 
strain  of  R.  tsutsugamushi  (8), 

The  gene  product  of  the  Ric  locus  or  the  mechanism  of  its 
action  remains  unknown  for  the  present.  The  only  gene  that  maps 
close  to  Rlc  that  may  be  involved  in  resistance  is  a  minor 
histocompatibility  locus,  H(go).  Interestingly,  one  of  the  genes 
that  controls  resistance  to  T.  gondii  has  been  linked  to  another 
minor  hlstocompatabillty  locus,  H-13.  Therefore,  this  connection 
may  be  worth  pursuing. 

The  Ric  locus  does  not  control  the  growth  of  R.  tsutsugamushi 
in  cells  because  these  organisms  grow  equally  well  in  fibroblasts 
derived  from  resistant  or  susceptible  mice  (8).  In  addition, 
there  is  no  apparent  defect  in  immune  recognition  in  susceptible 
mice  because  they  can  be  protected  against  subsequent  i.p. 
infection  by  a  subcutaneous  inoculations  of  a  virulent  R.  tsut¬ 
sugamushi  (8).  This  finding  also  demonstrates  that  susceptible 
mice  possess  the  appropriate  cellular  machinery  (i.e,  macrophages, 
granulocytes  and  immunoglobulin)  to  control  a  rickettsial 
infection.  The  only  reported  difference  between  susceptible  and 
resistant  strains  is  that  peritoneal  macrophages  of  susceptible 
mice  are  killed  during  in  vivo,  R.  tsutsugamushi  infection  while 
those  of  resistant  mice  survive. 


'5 


However,  two  other  linkages  do  suggest  possible  mechanisms 
of  action  of  the  Rlc  locus.  The  chronic  granuxomatous  reaction 
of  mice  to  killed  BCG  organisms  was  controlled  by  a  single  auto¬ 
somal  dominant  gene.  Interestingly,  the  mouse  strain  distri¬ 
bution  of  responsiveness  to  this  BCG  effect  correlated  with 
that  of  Rlc.  A  similar  correlation  has  been  found  In  Che 
ability  of  mice  to  mount  an  acute  inflammatory  response. 
Therefore,  it  Is  possible  that  the  Ric  locus  controls  Che 
ability  of  mice  to  mount  a  vigorous  acute  and/or  chronic 
inflammatory  responses  which  would  serve  to  control  a  ricketts¬ 
ial  Infection  In  a  non-antigen  specific  manner. 

The  elucidation  of  the  product  of  the  Rlc  gene  will  require 
extensive  investigation.  Nonetheless,  knowing  the  chromosomal 
location  of  this  locus,  in  addition  to  Che  availability  of  a 
readily  accessible  closely  linked  marker  (rd)  should  greatly 
facilitate  these  studies. 

IV.  Electron  microscope  study  of  mouse  capillary  endothe¬ 
lium  Infected  with  R.  tsutsugamushl. 

Rickettsia  tsutsugamushl.  the  etiologic  agent  of  scrub 
typhus,  Is  an  obligate  intrncellular  parasite  transmitted  by 
the  bite  of  a  larval  mite.  Rickettsiae  enter  the  bloodstream 
and  infect  capillary  endothelial  cells  throughout  Che  body. 

Yet  little  is  known  about  the  morphologic  character  of  the 
resultant  vascular  lesions.  We  have  found  the  capillary  endo¬ 
thelium  of  BALB/c  mouse  cerebellum  to  be  suitable  for  study  of 
these  lesions  by  EM.  Mice  were  sacrificed  6  days  after  intra¬ 
venous  inoculation  of  1.2  X  10^  50%  mouse  lethal  doses  of  egg- 
grown  R.  tsutsugamushl.  strain  Karp. 

Rickettsiae  were  identified  free  within  endothelial  cyto¬ 
plasm.  Crmpared  to  controls,  infected  endothelial  cells  were 
swollen  and  contained  increased  numbers  of  cytoplasmic  compo¬ 
nents  Including  mitochondria  and  lysosomes  fFlg.  8-11. 

Occasional  giant  mitochondria  were  found  in  infected  cells 
(Fig.  12),  There  were  focal  perivascular  hemorrhages  and 
Intravascular  fibrin  thrombi  (Fig.  13).  However,  the  junctional 
complex  and  basal  lamina  of  endothelium  and  pericytes  remained 
unchanged  (Fig.  lA).  Rickettsiae  were  released  from  endo¬ 
thelial  cells  into  the  capillary  lumen  by  budding  through  the 
host  cell  plasma  membrane  (Fig.  15). 

These  results  suggest  that  capillary  endothelial  cells 
respond  to  rickettsial  Infection  with  hypertrophy  rather  than 
degeneration  and  their  cytoplasmic  changes  represent  a 
morphologic  expression  of  altered  cellular  metabolism  of 
infected  cells. 


Figure  8.  CONTROL  -  The  endothelial  cytoplasm  contains  a  few 
mitochondria  (M)  and  Golgi  lamellae  (G) .  There 
is  no  perivascular  edema. 


Figure  9 


MACROPHAGE  -  Prowling  the  endothelial  surface  of 
this  capillary  cut  in  longitudinal  section  is  one 
of  many  macrophages  observed  in  Infected  cerebellar 
capillary  beds.  The  macrophage  is  itself  infected 
with  several  rickettsiae  (R). 


Figure  11 


HYPERTROPHY  -  Endothelial  cell  Infected  with  rick 
ettslae  (R)  Is  thickened  and  contains  abundant 
mitochondria  (M)  and  Colgl  lamellae  (G) .  Tlie 
clear  space  around  the  organisms  Is  probably  an 
artifact . 
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Figure  12 


GIANT  MITOCHONDRION  -  Endothelial  cells  sometimes 
contained  not  only  greater  than  normal  numbers  of 
mitochondria,  but  occasional  giant  mitochondria  (M) 
Secondary  lysosoroes  (L)  were  often  present. 


Figiire  13 


THROMBUS  -  A  mass  of  fibrin  and  cell  debris 
projects  into  a  capillary  lumen  (C)  from  a  denuded 
area  of  the  basal  lamina  (arrow),  flanked  by  endo¬ 
thelial  cells  containing  a  rickettsia  (R)  and  an 
occasional  secondary  lysosome  (L) . 


INTACT  JUNCTION  -  Witli  raro  oxoopt  Ions ,  oiuii'tlio- 
llal  ccll-to-coll  innctions  woro  maintainoJ  ovon 
when  tlio  cells  were  heavily  InfecfeJ.  A  hyper¬ 
trophied  endothelial  cell  containing  a  ticket tsla 
(R)  remains  firmly  attached  to  an  adjacent  endo¬ 
thelial  cell. 


Figure  14 


Figure  15.  BUDDING  -  I’.irtially  enclosed  by  host  cell  plasma 
membrane,  a  rlckcttsla  (R)  Is  being  released  from 
the  luminal  surface  of  a  capillary  endothelial  cell 
This  host  membrane  coat  is  retained  by  the  organism 
following  its  release. 
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THE  LONGEVITY  OF  ANTIBODY  TO  RICKEITSIA  TSUTSUGAMISHT  TN  PATTPKrrc 
WITH  CONFIRMED  SCRUB  TYPHDS -  a 

Ba£k^i^:  Previous  estimates  of  the  longevity  of  antibody  are 

Elisberg  C3)  who  studied  the 

^tibody  response  by  indirect  immunofluorescence  in  volunteers  and 
laboratory  personnel  known  to  have  been  infected  with  R. 
^tsug^shi.  These  workers  showed  that  persistence  of  antibody  in 
tw^Tffivi^ls  following  primary  infection  differed;  however,  in 

significant  titers  12  years  after 
studies  in  this  laboratory  suggest  that 
disappear  rapidly  following  symptomatic  infections. 
of^L  suggest  antibody  persistence 

^  after  primary  infection  in  silvered  leaf  monkeys 
:  No  other  publication  has  specified  the  rate 
f  decay  of  human  antibody  or  the  factors  affecting  it  yet  such 

'»  '»<=  interpretation  of  ^  A'^JevSence 

^terials  and  Methods:  The  population  investigated  was  from  those 
presenting  to  a  field  study  site  at  a  rural  Malaysian 
with  a  Jon fi a  FELDA  oil  palm  scheme  in  Western  Pahang 

bJ  one  o?  ;hf?nn  diagnosis  was  detemined 

following  criteria  in  association  with  an 
otherwise  unexplained  febrile  illness  (5): 

(i)  isolation  of  the  organism 

(ii)  a  four-fold  rise  in  IFA  titer  to  at  least  1:200 

(iii)  a  four-fold  rise  in  Proteus  OXK  agglutin  titer  to  at 
least  1:160 

^rther  selection  occurrcti  hy  other  uncontrolled  factors  such  as  the 


Serial  blood  sanples  from  114  patients  were  collected  at 
varying  intervals  during  ;ind  for  up  to  two  years  after  the  initial 
disease  episode.  Serum  was  separated  from  the  collected  blood, 
frozen  and  stored  at  -20°C  until  tested  in  the  laboratory.  Samples 
were  subsequently  tested  for  antibodies  to  R.  tsutsuganushi  by  the 
indirect  fluorescent  antibody  tost  (IFAT)(4T).  The  test  was 
slightly  modified  to  test  sera  against  only  two  antigens:  the  first 
was  polyvalent  ai^  included  the  Karp,  rA716  and  TA763  strains,  and 
the  second,  Gilliam  strain  alone.  The  reason  for  this  modification 
was  the  fact  that  irrespective  of  whether  or  not  R.  tsutsugamushi 
was  isolated  and  irrespective  of  the  antigenic  character  of  any 
isolate,  antibodies  to  all  strains  appeared.  Gilliam  was  tested 
separately  as  antibody  to  it  was  thought  to  have  a  different 
pattern  of  persistence. 

Peak  titer  was  defined  as  the  highest  titer  reached  in  the 
samples  obtained.  When  more  than  one  sanple  from  a  single  subject 
had  the  same  peak  titer,  it  was  timed  as  the  last  sairple  in  the 
initial  four-week  period  from  onset  of  illness  or,  if  all  such 
sanples  occurred  outside  that  initial  period,  as  the  first  such 
san^le. 

No  result  after  the  peak  titer  was  excluded  from  analysis 
unless  the  criteria  for  re-iu. were  met.  These  criteria  were 
the  same  as  for  the  initial  diagnosis  of  scrub  typhus. 

Analysis  was  by  multiple  linear  regression  of  three  variables 
(34)  -  peak  titer,  surveillance  titer,  and,  as  dependent  variable, 
elapsed  time  from  point  of  peak  titer  to  survey  point.  All 
variables  were  expressed  as  exponents. 

Results:  The  peak  titers  of  the  114  patients  for  the  two  antigens 
were  distributed  as  follows: 

Karp  +  TA716  +  TA763  (n  =  114) : 

Level:  Mean  exponent  4.32  (titer  1:499) 
s  1.37,  SE  0.13  (Figure  1) 

Timing:  Mean  login  time  0.44  (2.75  weeks) 
s  0.27,  SE  0,03  (Figure  2) 

Gilliam  (n  =  112) : 

Level:  Mean  ex]5onent  4.18  (titer  1:453) 
s  1.80,  SE  0.17  (Figure  3) 

Timing;  Mean  login  time  0.44  (2.75  weeks) 
s  0.26,  SE  0.02  (Figure  4) 

In  all  cases,  multiple  regression  analysis  gave  a  highly 
significant  (P  <0.0005)  correlation  and  explained  approximately  10% 
more  of  the  variation  than  did  the  simple  regression  of  fall  in 
titer  on  time. 
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Figure  1.  Distribution  oi'  ponk  titer  of  antibody  to  Karp/7 
strains  of  R.  tsutsugamushi  showing  observed  and 
calculate^!  Trcqucncies. 
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Distribution  of  time  of  occurrence  (witii  respect  to 
claimed  start  of  illnoss)  of  peak  titer  of  antibody 
to  Karp/71f)/763  strains  of  R.  tsutsugaimishi  showing 
observed  ;uid  calculated  frequencies. 


Figure  2 
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Figure  4.  Distribution  of  time  of  occurrence  (with  res|x?ct  to 
claimtxl  start  of  illness)  of  jx'ak  titer  of  antibody 
to  Gilliiun  strain  R.  tsutsugamushi  showing  observetl 
ami  calculateil  frequencies. 


For  antibody  to  the  polyvalent  antigen  (Karp,  TA763,  TA716)  the 
calculated  regression  is: 

Logio  T  =  1.43  +  0.06  Dp  -  0.15  Ds 
(where  T  is  elapsed  time  in  weeks 

Dp  is  the  exponent  of  the  peak  titer  in  the  expression 
(25  X  zD) 

Ds  is  similarly  the  exponent  of  the  surveillance  titer) 

Coefficient  of  multiple  determination  0.19 
Coefficient  of  multiple  regression  0.44 
Degrees  of  freedom  235,  p  <0.0005 

Figure  5  illustrates  the  regression  as  decay  lines  for  given 
peak  titers.  The  standard  error  of  the  estimate  is  0.33.  The 
estimate  of  persistence  of  antibody  at  any  given  titer  is  shown  by 
the  horizontal  portion  of  the  decay  lines. 

For  antibody  to  Gilliam  the  calculated  regression  is  very 
similar: 

Login  T  =  1.44  +  0.04  Dp  -  0.13  Ds 

Coefficient  of  multiple  determination  0.38 

Coefficient  of  nultiple  regression  0.62 

Degrees  of  freedom,  =  235,  p  <0.0005 

The  mean  peak  log  titers  in  relation  to  data  points  were  4.35  for  the 
antibody  to  the  polyvalent  antigen  and  4.27  for  Gilliam  due  to 
uncontrolled  weighting. 

Discussion:  The  regression  equations  enable  reversion  rates  of 
antibody  to  be  calculated  for  given  periods  of  time  and  frcm  these  a 
variety  of  estimates  can  be  made.  The  calculations  were  performed 
using  the  regression  of  antibody  to  polyvalent  antigen  despite  the 
better  level  of  determination  of  the  Gilliam  regression,  as  we  have 
unpublished  evidence  that  over  90%  of  human  infections  in  this  area 
involve  Karp/TA763/TA716  antigens  vdiile  Gilliam  is  rare;  antibody 
response  to  known  antigens  is  non-specific  and  the  mean  peak-titer  of 
the  antibody  to  polyvalent  antigen  by  regression  data  points  is  in 
much  closer  agreement  with  the  actual  mean  peak  titer  than  is  the 
case  for  antibody  to  Gilliam  antigen. 

Table  1  shows  the  calculation  of  annual  reversion  using  a 
calculated  distribution  of  peak  titer  and  Table  2  shows  similarly  the 
annual  reversion  for  the  observed  distribution  of  peak  titer. 
Correction  to  two  significant  figtires  gives  an  estimate  of  0.61  by 
both  methods .  ' 
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Table  2.  Annual  reversion  rate  using  observed  distribution  of  peak 


Peak  titer 
(reciprocal) 

50 

100 

200 

400 

Proportion  at 
peak 

.01 

.05 

.26 

.28 

Proportion 

reverting 

annually 

.76 

.73 

.70 

.63 

Total 

proportion 

reverting 

.008 

.037 

.182 

.064  .017  .0071.609 


Table  3  shows  the  estunated  proportion  of  a  population 
initially  showing  antibody  titer  ^:50  remaining  positive  at  the 
elapsed  times  indicated.  It  is  thus  possible  to  smarate  the 
background  contribution  of  residual  antibody  from  the  total 
prevalence  in  the  course  of  longitudinal  studies. 

Attack  rates  can  be  estimated  from  point  prevalence  studies 
reversion  rate  is  known,  by  the  method  of  Muench  (35)  idwre,  if 

y  ■  proportion  positive 
a  ■  annual  attack  rate 
b  ■  annual  reversion  rate 
t  ■  time  of  exposure  in  years 

they  y  ■  a  (1  -  e"^^®  h)^ 


(y  approaches  a  if  b  and/or  t  are  large) 


Using  the  prevalence  rates  found  by  Brown,  Robinson  and  Huxsoll 
(4)  the  following  results  are  obtained: 

Pos  Iskandar:  Attack  rate  0.55  p.a. 

Exp^ted  infection  for  516  man-months  observation:  23.8 
Definite  infection;  20  (and  an  additional  18  classed  as 

presumptive  of  which  only  2  were 
probable) 

Definite  and  probable  infections:  22 

Bukit  Lanjan:  Attack  rate  0.70  p.a. 

Exp^ted  infection  for  216  man-months  observation:  12.5 
Definite  infection:  7  (and  an  additional  4  classed  as 

presumptive) 

Definite  and  possible  infection:  11 

Using  the  data  of  Olson  and  Bourgeois  (36)  for  Taiwanese 
military  personnel  on  the  Pescadores  and,  as  exposure  was  limited 
to  five  months,  the  full  Muench  equation: 

Attack  rate  =  0.14  p.a. 

Expected  infections  =  25.6 
Observed  infections  =  23 

Thus  in  circumstances  of  presumed  "steady  state"  between  infection 
and  reyersion  rates  and  in  circumstances  of  limited  exposure,  the 
reversion  rate  calculated  from  our  estimate  of  antibody  longevity  is 
accurately  predictive  of  attack  rates. 


Robison,  Gan  and  Donaldson  (44)  in  part  using  the  earlier  work 
on  CF  antibodies  by  Shishido  (48)  suggested  antibody  persistence  of 
years  in  contrast  to  our  finding  of  total  reversion  in  40  months 
(95*  confideKe  level)  and  made  a  tentative  estimate  of  a  0.03  annual 
attack  rate  in  the  rural  Malaysian  population  on  that  basis  and  using 
a  point  prevalence  of  0.35.  Our  findings  suggest  that  the  attack 
rate  required  to  sustain  such  a  prevalence  is  0.32  p.a.  and  that  for 
their  group  with  the  highest  point  prevalence  (621  of  Kelantan  rubber 
tappers)  an  attack  rate  of  0.98  p.a.  is  indicated. 

The  population  from  which  our  sample  was  drawn  is  one  subjected 
to  a  very  high  risk  of  infection  (5)  -  it  would  be  reasonable  to 
describe  the  area  as  holoendanic  for  scrub  typhus.  The  population 
is,  therefore,  subject  to  repeated  infections.  Additionally,  the 
high  incid^e  of  other  fevers  (46)  greatly  increased  the  chances  of 
non-specific  anamnestic  rise  in  pre-existing  antibody  to  R. 
t^tsu^amishi.  As  no  attempt  was  made  to  select  out  data~points 
that  might  have  been  affected  by  such  factors  -  unless  the  primary 
criteria  of  scrub  typhus  appeared  -  the  estimate  of  antibody 
longevity  is  probably  too  long  and  the  variance  somewhat  increased. 

Despite  these  possible  confounding  factors  it  is  clear  that 
human  antibody  to  R.  tsutsugamushi  as  measured  by  the  indirect 
fluorescent  Mtibody  test  is  extremely  short-lived.  The  regression 
e<^tion  derived  from  our  data  fits  closely  the  observations  made  by 
other  workers.  It  is  thus  also  clear  that  the  incidence  of  scrub 
typhus  w  rural  Malaysia  is  much  greater  than  was  heretofore  thought 
to  be  the  case:  indeed  among  agriculture  sector  workers  (24)  alone 
there  could  well  be  in  excess  of  5(X>,(X)0  cases  of  infection  p.a.  and 
nearly  200,000  cases  of  scrub  typhus  p.a.  in  contrast  to  the  reported 
average  55  p.a.  for  the  period  1967-1974  (5).  Using  conservative 
assuiqptions  on  length  of  illness,  proportion  actually  affected  by 
Illness  and  number  hospitalized,  direct  costs  of  this  disease  in 
agricultural  sector  workers  will  exceed  million  annually.  If 
other  exposed  workers  and  families  were  to  be  included  in  the 
estimate  and  indirect  costs  added,  the  bill  could  well  exceed  Z%  of 
rural  development  expenditure. 


SINGLE  DOSE  DOXYCVaiNE  THERAPY  FOR  SCRUB  TYPHUS 

.  Ikiring  the  past  year  analysis  of  the  data  was  completed,  and 
the  study  }ias  been  reported  (6) . 

The  proposal  to  study  hospitalized  patients  treated  with  single 
dose  doxycyc line  and  discharged  early  was  not  done  since  the  study 
would  have  resulted  in  inefficient  use  of  unit  resources. 


The  local  iirpact  of  the  successful  con^arison  of  a  single 
200  iQg  oral  dose  of  doxycycline  with  the  convent ial  7  day  course  of 
tetracycline  for  the  treatment  of  scrub  typhus,  has  lead  to  a  more 
routine  use  of  doxycycline  h;  clinicians  at  our  study  sites.  There 
is  a  tendency,  which  is  not  \;l)olly  consistent,  for  the  clinician  in 
charge  to  administer  the  drug  earlier  in  the  admission  than  therapy 
was  given  heretofore. 

As  one  of  the  unresolved  problems  of  single  dose  doxycycline 
therapy  is  the  incidence  of  relapse  with  its  administration  early  in 
the  course  of  the  disease  we  will  analyse  data  on  PUD  trial  patients 
(subsequently  confirmed  as  suffering  from  scrub  typhus)  who  received 
doxycycline. 

Data  collection  began  at  the  start  of  calendar  1978,  ai^  sites 
now  include  the  rural  health  center  at  Jengka  and  the  District 
Hospitals  at  Mentakab  and  Kuala  Pilah.  Data  on  all  cases  is  not  yet 
fully  accessible  (see  ADP  report) ,  but  from  all  sources  there  are 
about  60-80  patients  who  had  scrub  typhus  and  received  early 
doxycycline.  No  relapses  have  been  observed,  but  if  the  true 
relapse  rate  were  as  low  as  11,  some  300  patients  would  need 
observation  for  a  zero  relapse  count  to  achieve  the  951  confidence 
level. 

Observation  continues  and  with  indications  that  there  is  an 
increasing  rate  of  early  doxycycline  usage  directed  by  the 
clinicians  in  charge. 


A  STUDY  OF  THE  CLINICAI.,  PATHOLOGICAL,  EPIDEMIOLOGICAL  AND 
THERAPEUTIC  CHARACTERISTICS  OF  SCRUB  TYPHUS  AMONG  FEBRILE 
PATIEffTS  AT  AN  ISOLATED  RURAL  HEALTH  CENTER  IN  MALAYSIA 

The  purpose  of  this  study  is  to  establish  the  current  picture 
of  febrile  illnesses  -  with  particular  emphasis  on  scrub  typhus  - 
among  a  susceptible  population  in  areas  of  high  risk  cind  at  an 
early  stage  of  the  disease.  Studies  among  febrile  patients 
presenting  at  rural  hospitals  and  other  studies  at  a  FELDA 
settlement  have  shown  FELDA  oil  palm  settlers  to  be  susceptible  and 
at  risk.  However,  the  pattern  of  disease  among  hospital  patients  is 
likely  to  be  very  different  from  that  at  the  level  of  the  rural 
health  center,  and  *it  is  known  that  the  average  length  of  fever  at 
the  time  of  admission  to  hospital  is  7-8  days.  Also  at  the  earlier 
studies  at  Bukit  Mendi  the  alternative  sources  of  health  care 
delivery,  other  than  the  rural  health  center,  were  numerous  and 
readily  available,  and  it  is  probable  that  the  limited  population 
there  is  already  beyond  the  susceptible  period  and  (due  to 
ecological  changes)  is  not  exposed  to  the  same  high  level  of  risk. 
An  area  was  sought,  therefore,  that  overcame  these  problems  and  was 
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identified  as  the  FELDA  complex  known  as  the  Jengka  Triangle  in 
Western  Pahang. 

In  addition  to  the  advantages  from  the  viewpoint  of  human 
studies,  the  conplex  (which  consists  of  sane  23  schemes  of  nearly 
4000  acres  each)  offers  a  unique  opportunity  to  study  relevant 
ecology  at  all  stages  of  development  from  primary  jungle  to 
established  plantations  and  relate  this  to  actual  aixi  concurrent 
human  infection.  There  are  sufficient  schemes  at  an  early  enough 
stage  of  development  for  the  complex  to  be  the  site  for  future 
trials  of  prophylactic  agents,  at  vdiich  time  the  information 
gathered  in  this  survey  will  be  invaluable  as  a  basis  for  prediction 
of  expected  infection/disease  rates. 

In  essence  the  method  of  study  used  in  the  hospital  based 
'PUO  study'  is  translocated  to  the  rural  health  center  in  the  middle 
of  the  conplex,  but  certain  modifications  have  been  necessary  to 
accomnodate  the  local  and  logistic  problems  inherent  due  to  the 
relative  inaccessibility  of  the  chosen  site. 

Study  Coordination:  This  study  is  part  of  an  interlocking  series  of 
studies  being  conducted  in  parallel.  It  is  enphasized  that  this 
project  is  the  main  source  of  isolate  material  and  sera.  Most 
importantly  it  is  supplying  human  origin  specimens  fron  the  same 
areas  vdiere  distribution  of  R.  tsutsugamushi  in  vectors  and  reservoir 
hosts  is  being  studied  along  with  factors  influencing  transmission 
of  the  organism.  It  is  the  study  by  which  much  of  the  data  obtained 
through  various  projects  are  integrated  and  together  with  the 
longitudinal  study  in  the  same  area  will  enable  interpretation  of  the 
mass  of  generated  information  in  respect  of  human  disease  and 
infection. 

^rrent  Stati^;  The  study  has  been  underway  for  some  17  months  and 
despite  the  frequent  re-assignment  of  the  clinician  in  charge  (the 
fourth  encumbent  is  now  in  office) ,  a  high  proportion  of  fever  cases 
are  referred  through  the  unit  laboratory.  Complete  analysis  of  the 
data  is  not  yet  possible  as  ADP  soft-ware  is  incomplete,  but  there 
teve  been  well  over  400  PUO  cases  investigated  and  at  least  103 
isolates  of  R.  tsutsuganushi  obtained  since  the  inception  of  the 
study  (an  additional  33  isolates  were  obtained  from  Jengka  patients 
at  Mentakab  Hospital)  and  a  considerable  number  of  isolation  results 
remain  to  be  concluded. 

Suiprisingly,  the  pattern  of  diagnoses  remains  much  the  same  as 
at  district  hospital  level,  except  that  (among  adults)  scrub  typhus 
accounts  for  60-80i  of  fevers.  This  finding  is  further  confirmation 
of  the  validity  of  the  estimations  made  as  a  result  of  the  antibody 
longevity  study.  It  is  apparent  also  that  indices  of  scrub  typhus 
occurrence  in  the  various  schemes  probably  vary  in  accord  with  the 
postulates  formed  from  the  Bukit  Mendi  study. 


The  study  continues  in  its  present  form  except  that  routine 
isolation  of  R.  tsutsugamushi  is  no  longer  carried  out. 


HOSPITAL  BASED  PUO  STUDY 

This  study  continues  to  be  executed  at  the  District  Hospital 
Mentakab,  Pahang.  Additional  information  is  obtained  from  saiqjles 
forwarded  by  other  hospitals  (v.i.): 

1.  Mentakab:  The  format  of  the  study  ranains  unchanged. 

Patients  have  been  admitted  to  the  study  at  an  average  rate  of 
approximately  40  monthly.  A  detailed  breakdown  of  diagnostic 
categories  is  not  currently  possible  due  to  the  transfer  to  ADP  format 
of  recording  data  before  the  completion  of  ADP  system.  It  is, 
however,  clear  that  approximately  20%  of  cases  are  due  to  scrub 
typhus,  some  10%+  due  to  leptospirosis  and  over  5%  due  to  typhoid. 

By  use  of  special  logistic  arrangements,  patients  admitted  to  the 
trial  are  currently  the  main  source  of  specimens  for  CM  and 
monocyte  culture  studies. 

2.  yher  Hospitals:  I’he  only  hospitals  contributing  significant 
numbers  of  sera  rmain  Seremban  and  Kuala  Pilah,  both  in  Negri 
Sembilan.  In  Seremban,  the  study  is  bedevilled  by  uncontrolled 
selection,  personnel  changes  and  lack  of  standardized  information. 

The  picture  is  further  complicated  by  the  hospital  being  a  (Jeneral 
Hospital  and  thus  a  point  of  secondary  referral.  Nevertheless  the 
processing  of  samples  from  these  two  centers  remains  a  useful 
monitor  on  the  distribution  of  causal  diagnoses  of  PUO  cases  within 
the  general  geographic  area  of  the  origin  of  patients  in  field 
studies.  The  initial  efforts  to  standardize  the  acquisition  and 
recording  of  data  have  been  very  successful.  In  Kuala  Pilah  the 
standard  is  identical  to  that  at  Mentakab,  while  at  Seremban  the 

data  are  standardized  but  acquisition  is  less  detailed. 

The  re-assignment  of  the  Consultsint  Physician  at  Mentakab  to 
Teluk  Anson  in  Perak  State  has  resulted  in  a  request  by  the  district 
hospital  at  Teluk  Anson  to  be  involved  in  the  PUO  study.  It  is  felt 
that  this  involvement  would  be  contributory  to  the  research  effort 
and  result  in  only  a  minimal  increase  in  work.  It  is  hoped  that  the 
arrangement  will  be  fonnalized  shortly. 
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A  LONGn-UDINAL  STUDY  l)i-  nUi  illlAl^/XClTiRISl’ICS  OF  R.  TSUTSUGAMJSHI 
INFECTION  AMDNG  FELDA  OIL  PALM  SETTLERS  IN  WEST  PAHANG 


This  study  was  initiated  in  April  1977  using  a  carefully  planned 
and  detailed  schedule. 

There  are  two  areas  where  information  is  required:  firstly  the 
coitparison  of  disease,  infection  and  recrudescence  (or  re- infection) 
rates  to  produce  a  realistic  assessment  of  risk  and  secondly  to 
relate  infection  and  disease  rates  to  influencing  factors  (e.g. 
ecological,  meteorological,  chigger  species,  chigger  infectivity, 
organism  strains  etc.)  to  give  some  "index  of  risk".  There  is  also 
the  necessity  to  firmly  identify  not  only  a  generic  "high  risk 
population"  but  also  the  prediction  of  the  infection/disease 
pattern  within  that  population  vdien  the  time  comes  for  human  trials 
of  prophylactic  agents  of  any  nature. 

The  studies  at  Bukit  Mendi  together  with  the  limited 
extrapolation  that  can  be  made  from  some  of  the  hospital -based  PUO 
study  material,  would  seem  to  indicate  that  the  combination  of  a 
susceptible  population  and  its  location  in  a  high  risk  area  only 
prevails  for  a  limited  time  (approx.  1-2  years)  in  the  first  5  years 
of  a  FELDA  oil  palm  settler's  life.  A  new  scheme  was  identified  in 
the  Jengka  triangle  suitable  for  longitudinal  study. 

The  servicing  of  the  stikiy  is  amalgamated  with  the  rural  health 
center  PUO  study  at  Jengka.  The  study  itself  is  in  three  phases. 

1.  A  complete  cross-sectional  survey  of  settlers  on  two 
schemes  within  Jengka.  One  (Jengka  15)  is  an  oil  palm  settlement  of 
some  340  families  (total  ixjpulation  with  dependents  approx.  2000)  on 
vdiich  settlement  began  in  October  1976  and  was  complete  by  March  1977. 
It  is  expected  that  this  population  is  susceptible  and  that  the  vector 
chiggers  have  not  yet  become  fully  established  within  the  scheme.  The 
initial  serological,  isolation,  hematological  and  social  data  provide 
a  base  line  against  which  to  judge  events  aixl  changes.  The  other 
(Jengka  11)  is  an  oil  palm  settlement  of  some  450  families  (total 
population  over  3000)  which  is  about  15  months  older  than  Jengka  15. 
Approximately  350  settlers  are  'original'  and  it  is  known  that 
clinical  cases  of  scrub  t>'i)hus  have  occurred  ;imong  them  in  recent 
months,  and  the  remainder  settleil  during  the  same  period  as  the 
Jengka  15  population.  In  this  settlement,  therefore,  there  is  a 

risk  and  part  of  the  population  is  (probably)  highly  susceptible  and 
part  less  so. 

2.  The  Jengka  15  population  has  monthly  sample  surveys  of 
approximately  15%  of  the  population;  selection  is  by  random  numlx'r 
(using  the  settler  identification  number  as  the  index).  Selection 
is  exclusive.  Information  collected  at  each  sample  survey  includes 
serological ,  hematological,  isolation,  and  social/work  data. 


3.  The  Jengka  15  settlers  are  monitored  at  the  daily  roll  call 
for  sickness  absence  in  an  effort  to  detect  all  febrile  illnesses  and 
obtain  a  causal  diagnosis.  B>'  this  means  anJ~the  random  surveys  the 
pattern  of  infection  and  disease  with  respect  to  scrub  typhus  will 
emerge. 

Contemporaneously  with  these  exercises,  information  concemi^ 
influencing  factors  is  being  gathered  in  other  studies  thus  emibling 
the  production  of  the  risk  index.  Additionally,  this  is  the  first 
attempt  to  study  and  distinguish  between  infection  and  disease 
incidence  in  a  population  that  eliminates  (as  far  as  is  ever  possible) 
uncontrolled  effects  of  selection  and  competing  health  care  delivery 
systems . 

Current  Status :  Data  collection  has  proceeded  along  the  planned 
paths  with  subject  compliance  showing  a  slow  decline  from  virtually 
100%  to  the  range  bO-75'i  at  the  present.  The  survey  is  currently  in 
the  third  six  month  cycle  of  sampling  at  Jengka  15. 

Analysis  of  the  data  is  not  yet  possible  as  the  ADP  soft-ware 
will  not  be  fully  operational  until  November  1978.  It  is  clear, 
however,  that  the  population  of  Jengka  15  showed  evidence  of  only  a 
low  attack  rate  prior  to  the  initial  cross-sectional  survey  in 
April/May  1977  (prevalence  of  antibody  by  IFAT  9.4%,  indicated 
attack  rate  5.3%  p.a.).  No  clinical  cases  occurred  on  Jengka  15 
until  October  1977  and  since  then  tiiere  have  been  approximately  40 
cases  of  fever  attributed  to  scrub  typhus.  Human  disease 
occurrence  was  compatible  with  the  results  of  measurement  of 
ecological  factors. 

On  Jengka  11  prevalence  of  antibodies  has  indicated  a  far  higher 
attack  rate  through  the  time  of  the  field  studies.  This  is 
reflected  in  the  numbers  of  clinical  cases  (more  than  double  those 
from  Jengka  15)  and  correlates  with  the  ecological  findings. 

The  study  continues  on  Jengka  15. 


EPIDEMIOLOGY  OF  SCRUB  TYPHUS  ON  A  M-UAYSI.AN  OIL  PAIM  DFVELOPMI'.Nl' 

Although  the  first  outbreak  of  scnib  typhus  among  oil  palm 
workers  in  ^blaysia  was  described  50  years  ago  (lb),  it  was  only 
recently  that  the  disease  was  identifiexi  as  a  leading  cause  of 
illness  in  rural  Malaysia,  particularly  in  oil  palm  workers  (5). 

The  infection  is  known  to  be  distributed  patchily  in  oil  palm, 
dependent  on  localizcil  ecological  conditions  (lb).  Therefore,  it 
is  essential  to  identify  the  conditions  resjXDnsible  for  the  high 
prevalence  of  infection.  In  addition,  strain  characterization  of 
the  isolates  recovercxl  from  himvins,  uxlents  and  mites  is  necessai*v 
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to  determine  the  distribution  of  dif'erent  antigenic  types  that 
exist  in  an  endemic  area. 

This  epidemiological  study  was  undertaken  on  a  scheme  in  the 
Federal  Land  Development  Authority  (FELDA)  oil  palm  complex  at 
Bukit  Mendi.  A  detailed  description  of  this  study  was  included  in 
the  previous  report  (Walter  Real  Anii)'  Institute  of  Research  Annual 
Progress  Report,  1  October  1976  -  30  September  1977);  therefore, 
only  a  brief  description  will  be  presented  here.  Tlic  scheme  consisted 
of  3  phases,  and  at  the  beginning  of  the  study,  trees  of  Phases  I  and 
III  were  7  and  J  years  old  respectively.  On  this  scheme,  as  in  all 
oil  palm  development  schemes,  settlers  were  not  brought  into  the 
scheme  until  the  trees  approached  bearing  age,  which  was  approximately  3 
years  after  planting. They  were  provided witha  house  and  approxiiiuitely 
10  acres  of  trees.  Eacl>  family  was  responsible  for  the  complete 
maintenance  of  his  acreage,  including  weetling,  fertilizing,  paining, 
and  harvesting  of  fruit.  Division  of  labor,  as  is  often  seen  in 
private  estates,  was  not  established.  All  workers  lived  in  I^ikit 
Mendi  village,  with  a  total  ixDpulation  of  approximately  2500  during 
the  time  of  study.  The  village  contained  a  processing  factory, 
offices,  shop-houses,  and  schools,  so  all  residents  were  not  etiually 
exposed  to  infection  in  the  plantation. 

1.  Human  Infections 


A  previous  rejxirt  illustrated  the  incidences  of  scrub  typhus  in 
relation  to  the  site  of  exposure  and  by  age  groups  and  sex  (Walter 
Reed  Army  Institute  of  Research  Annual  Progress  Rejxirt,  1  October 
1976  -  30  September  1977).  The  largest  incidence  was  seen  among  the 
workers  in  Phase  III  with  a  much  reduced  number  in  Phases  1  and  II 
as  well  as  in  the  village.  Majority  of  cases  were  in  people  lietweon 
the  ages  of  15  and  44,  but  the  overall  distribution  of  the  disease 
was  equal  between  sexes. 

The  strain  characterization  of  the  human  isolates  is  shown  in 
Table  4.  No  isolates  contained  the  Gilliiim  antigen. 

Final  senun  siimples  were  obtaincxl  from  the  available  settlers 
of  the  scheme.  These  represented  sixjcimens  taken  1-3  years  after 
the  onset  of  the  study.  The  results  showcxl  th;it  371  (40/108)  and 
13.6i  (26/191)  of  the  sera  from  Phases  I  and  111  resix'ctivciy 
posscsseil  scrub  tyjihus  antibodies. 

.  Riwlent  and  Chigger  Infections 

l.ist  vear,  it  was  notixl  that  the  most  common  aniimil  trapped  in 

I  wlv  area  was  Rattus  t  ioiminicus,  comprising  (234/312)  of 
■  .  '  f  il  ininvil'.  (WaTter  Reed  Amy  institute  of  Research  Annual 
1  October  1976  -  30  September  1977).  Rickettsia 
•  ’  I  'rv.inisms  wore  isolatcxl  from  5  different  animals; 


Table  4.  Strain  characterization  of  human  isolates  from  Bukit 
Mendi  Scheme 


Strain (s) 

PHASES 

I  II  III  Village 

Karp 

1 

TA763 

1 

Karp,  TA716 

1 

Karp,  TA763 

1 

1 

TA716,  TA763 

1  1 

Karp,  TA686,  TA716 

1 

Karp,  TA716,  TA763 

1 

Karp,  TA763,  TH1817 

1 

Karp,  TA686,  TA716,  TA763 

4 

Karp,  TA716,  TA763,  TH1817 

1  1 

Karp,  Kato,  TA763,  TH1817 

1 

Karp,  TA686,  TA716,  TA763,  TH1817 

1 

Total 

UO.'V 


•  ¥ 


R.  tiomanicus  -  20.9%  (49/234);  R.  argent iventer  -  26.1%  (6/23);  R. 
exulans  -  25.0%  (1/4);  Callosciurus  notatus  -  14.3%  (2/14);  and 
tupaia  glis  -  11.1%  (1/9)  (table  5) .  The  FF  grid  was  established  on 
the  forest  fringe,  so  that  equal  number  of  traps  were  in  the  forest 
and  the  oil  palm  habitat.  The  YY  grid  was  exclusively  in  the  oil 
palm  area.  A  greater  number  of  diffe’ent  species  of  animals  were 
collected  in  the  FF  grid,  because  of  the  diverse  habitats  existing 
within  the  area. 

Results  of  serological  characterization  of  the  59  isolates  are 
shown  in  Table  6.  Eight  of  the  isolates  were  not  recovered  during 
reisolation  attempts  for  strain  characterization.  Gilliam  antigens 
were  carried  in  23.5%  (12/51)  of  the  isolates,  while  the  Karp 
antigen  and  those  related  to  the  Karp  antigen  were  found  in  90.2% 
(46/51)  of  the  isolates.  The  different  antigenic  strains  appear  to 
exist  rather  uniformly  throughout  the  2  grids  of  Phase  III  (Table  7) . 
The  breakdown  of  the  strains  among  the  different  groups  of  animals 
from  which  the  isolates  were  made  showed  no  specific  pattern 
(Table  8). 

During  the  study,  only  2  species  of  mites,  Leptotrombidium  (L.) 
delieye  and  L.  (L.)  vivericola,  were  collected  by  the  black  plate 
method.  All  Fut  1  L.  (L.)  yivoricola  chiggers  were  collected  from 
Phase  I,  \diereas  98.5%  Xl'798/1825)  L.  (L.)  deliense  chiggers  were 
from  Phase  III.  Only  one  of  91  posTtive  L.  (L.)  deliense  chiggers 
was  found  in  Phase  I  (Table  9) .  Of  the  remaining  90  positive  chiggers 
found  in  Phase  III,  18.9%  (17/90)  were  collected  in  YY  grid  and  81.1% 
^3/90)  in  FF  grid.  Fifteen  of  359  (4.2%)  L.  (L.)  vivericola  were 
infected  with  scrub  typhus  organisms. 

Characterization  of  these  organisms  demonstrated  that 
all  reacted  antigenically  to  the  Karp  and  Karp- related  strains, 
either  singly  or  in  combination  with  each  other  (Table  10) . 


SERO-EPIDEMIOLOGICAL  SURVEY  OF  NEW  ZEALAND  FORCES 
SERVING  IN  SINGAPORE  AND  TRAINING  IN  MALAYSIA 

The  New  Zealand  forces  stationed  in  Singapore  consist  largely  of 
combat  troops  who  remain  for  approximately  1  year  and  train 
intermittently  in  Johore  State,  Malaysia.  The  survey  of  these  troops 
had  two  objectives  -  firstly  to  quantify  the  problem  of  scrub  typhus 
and  secondly  to  assess  the  populations  for  possible  participation  in 
field  trials  of  prophylactic  agents.  The  study  takes  the  form  of  two 
cross-sectional  sero-epidemiological  surveys  separated  by  about  6 
months,  during  which  time  they  train  in  Johore  on  several  occasions 
for  periods  ranging  from  3  days  to  3  weeks. 

The  first  paired  surveys  are  complete.  The  results  showed  a 
conversion  rate  from  <1:200  titer  of  Proteus  OXK  agglutination  to 


Table  5.  Isolation  of  scrub  typhus  organisms  from  different  animals 
trapped  at  Bukit  Mendi  oil  palm  schane. 


Animals 

PHASE  I 

Pos/Total* 

(7) 

%  Pos 

PHASE  III 

Pos/Total 

(FF) 

%  Pos 

PHASE  III 

PosAotal 

CYY) 

\  Pos 

Rattus 

tiomanicus 

2/41 

4.9 

32/118 

27.1 

15/75 

20.0 

Rattus 

argentiventer 

- 

- 

1/9 

11.1 

5/14 

35.7 

Rattus 

whitehead! 

- 

- 

0/5 

0 

- 

- 

Rattus 

nuelieri 

- 

- 

0/4 

0 

- 

- 

Rattus 

exulans 

- 

1 

1/1 

100.0 

0/3 

0 

Rattus 

sabanus 

- 

- 

0/1 

0 

- 

- 

Echinosorex 

gymnurus 

- 

- 

0/4 

0 

- 

- 

Cal lose iurus 
notatus 

- 

- 

2/14 

14.3 

- 

- 

Sunda sc iurus 
lowii 

- 

- 

0/1 

0 

- 

- 

Chiropodomys 

gliroides 

- 

- 

0/1 

0 

- 

- 

Sundasc iurus 
tenuis 

- 

- 

0/12 

0 

- 

- 

Tupaia  glis 

0/2 

0 

0/6 

0 

1/1 

100.0 

Total 

2/43 

4.7 

36/176 

20.5 

21/93 

22.6 

*  Pos/Total  =  number  of  animals  from  which  scrub  typhus  organisms  were 
isolated/total  number  of  animals. 


Table  6.  Antigenic  strai’  >  of  isolates  from 
animals  trapped  at  Bukit  Mendi  oil 
palm  scheme. 


Antigens 

Animals 

Number  t 

Karp 

10  19.6 

Gilliam 

5  9.8 

Karp,  Gilliam 

2  3.9 

Karp,  TA686 

4  7.9 

Karp,  TA763 

12  23.5 

Karp,  TH1817 

1  2.0 

Gilliam,  TA716 

1  2.0 

TA686,  TA716 

1  2.0 

TA716,  TA763 

1  2.0 

Karp,  Gilliam,  TH1817 

1  2.0 

Karp,  TA686,  TA716 

1  2.0 

Karp,  TA686,  TA763 

4  7.9 

Karp,  TA716,  TA763 

1  2.0 

Karp,  TA763,  TH1817 

2  3.9 

Gilliam,  TA716,  TA763 

2  3.9 

TA686,  TA716,  TA763 

2  3.9 

Gilliam,  TA686,  TA716,  TA763 

1  2.0 

Total 

51  100.3 

8/59  isolates  were  not  recovered  during  the 
attempt  to  reisolate  the  organisms  for 
characterization. 
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Table  7.  Antigenic  strains  of  isolates  from  animals  trapped  in 
different  grids  at  Bukit  Mendi  oil  palm  scheme. 


Antigens 

PHASE  I 

Number 

(7) 

i 

PHASE  III  (FF) 

Nuirt)er  \ 

PHASE 

Number 

III  CYY) 

\ 

Karp 

- 

6 

20.0 

1 

4 

21.1 

Gilliam 

50 

2 

6.7 

2 

10.5 

Karp,  Gilliam 

- 

1 

3.3 

1 

5.3 

Karp,  TA686 

- 

3 

10.0 

1 

5.3 

Karp,  TA763 

1 

50 

23.3 

4 

21.1 

Karp,  TH1817 

- 

- 

- 

1 

5.3 

Gilliam,  TA716 

- 

- 

3.3 

- 

- 

TA686,  TA716 

- 

- 

3.3 

- 

- 

TA716,  TA763 

- 

- 

3.3 

- 

- 

Karp,  Gilliam,  TH1817 

- 

- 

3.3 

- 

- 

Karp,  TA686,  TA716 

- 

- 

^9 

3.3 

- 

- 

Karp,  TA686,  TA763 

- 

- 

3 

10.0 

1 

5.3 

Karp,  TA716,  TA763 

- 

- 

3.3 

- 

Karp,  TA763,  TH1817 

- 

- 

^9 

3.3 

1 

5.5 

Gilliam,  TA716,  TA763 

1 

- 

^9 

- 

2 

10.5 

TA686,  TA716,  TA763 

- 

- 

^9 

3.3 

1 

5.3 

Gilliam,TA686,TA716,TA763 

- 

9 

- 

1 

1 

5.3 

Total 

2 

100 

30 

99.7 

19 

100.3 

Table  9.  Identification  of  scrub  typhus  organisms  in  L.  (L.) 

deliense  and  L.  (L.)  areiiicola  chiggers  collected 
at  bukit  MendT  oiT  palm  scheme  in  1976/1977. 


Mar  76 

^r 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Jan  77 


Fel 


■ 


L.  (L.)  deliense 
Pos/Total*  1  Pos 

4/90 

4.4 

1/91 

1.1 

20/445 

4.5 

- 

1/58 

1.7 

0/0 

0 

10/223 

4.5 

3/113 

2.7 

10/134 

7.5 

7/131 

5.3 

4/67 

6.0 

20/351 

5.7 

2/20 

10.0 

0/11 

0 

7/31 

22.6 

2/60 

3.3 

91/1825 

5.0 

L.  (L.j  vivericola 
Pos/Total  \  Po 


isxia 

L*7£liJ 


nmj 


ni 


15/359 


Pos/Total  =  Number  of  chiggers  in  which  senib  typhus 
organisms  were  identifieii/total  number  of 
chiggers. 


>1:200  titer  of  nearly  15i.  There  was,  however,  a  zero  conversion 
rate  for  R.  tsutsugamushi  antibody  as  measured  by  IFAT.  Conversion 
rates  in  Biese  two  tests  in  earlier  s  udies  of  expatriate  troops 
are  being  examined  to  enable  interpre  ation  of  this  result. 

The  second  paired  surveys  are  cuiicntly  inconplete. 


CHARACTERIZATION  OF  "UNTYPED"  STRAINS  OF  RICKETTSIA  TSUTSUGAMUSHI 

FROM  HUMAN  PATIENTS 

The  3  strains  were  placed  in  the  "untyped"  category,  vdien 
initial  attai5)ts  to  characterize  the  strains  by  direct  fluorescent 
antibody  test  demonstrated  the  lack  of  reaction  between  the  isolate 
organisms  and  the  specific  conjugates  prepared  against  the  8 
prototype  strains.  Subsequent  study  involving  the  use  of  specific 
iinnune  sera  of  these  isolates  in  the  indirect  fluorescent  antibody 
test  against  the  prototype  and  their  own  antigens  resulted  in 
incoirq)lete  crossing,  making  the  analysis  difficult.  Therefore,  the 
efforts  to  study  the  antigenic  make-up  of  these  isolates  will  be 
curtailed  until  another  test  procedure  is  found  to  adequately 
analyze  the  existing  strains. 


STUDIES  OF  CELL  MEDIATED  IMUNITY  IN  RICKETTSIA  TSUTSUGAMUSHI 

INFECTION 

IKiring  the  past  year,  258  specimens  from  PUO  patients  were 
collected  for  cell  mediated  inmunity  ICMI)  studies.  Blast 
transformation  studies  of  lyn^hocytes  from  50.4%  (130/258)  human 
samples  could  not  be  performed  due  to  3  main  factors:  defective 
equipment,  contamination,  and  insufficient  cell  density. 

Lymphocytes  from  49.6%  (128/258)  patients  were  examined  for 
stimulation  by  phytohemagglutinin  (PHA)  and  specific  antigens. 
Despite  the  use  of  varied  preparations  of  specific  scrub  typhus 
antigens,  including  either-extracted,  sonicated,  homogenized,  heat- 
inactivated,  formalin-treated,  KCI-extracted,  and  different  sucrose 
density  gradient  fractions,  specific  stimulations  of  the  cells  were 
not  observed.  Samples  from  the  specimens  used  to  culture  the 
lymphocytes  were  also  examined  concurrently  for  the  presence  of 
scrub  typhus  organisms  and  antibodies.  Eighteen  of  128  (14.1%) 
specimens  had  both  organisms  and  antibodies.  Scrub  typhus 
rickettsiae  were  isolatal  from  5  (3.9%)  of  the  samples  which  did 
not  show  any  antibodies,  while  28  (21.9%)  specimens  contained 
demonstrable  antibodies  but  no  rickettsiae. 


Although  a  specific  CMI  response  was  not  demonstrated  with  the 
R.  tsutsugamushi  antigens  tested,  the  success  of  culturing  lyirphocytes 
Respite  tne  existing  logistic  problems  cannot  be  overlooked.  All 
specimens  were  obtained  from  a  district  hospital  located  80  miles 
from  Kuala  Luinxir.  They  were  placed  in  a  container  filled  with  ice, 
and  transported  to  the  laboratory  in  Kuala  Lumpur  by  a  taxi.  The 
trip  took  a  minimum  of  3  hours  and  sometimes  6  hours,  depending 
on  the  traffic. 

Upon  receipt  of  tlie  sanples,  the  lymphocytes  were  separated  in 
lymphocyte  separation  medium  iind  by  series  of  low  speed  centrifugations. 
The  lymphocyte  cultures  were  incubated  with  PHA  for  3  days,  after 
Which  they  were  pulsed  for  lb  hours.  The  cells  were  harvested  with  a 
multiple  cell  harvester,  and  the  isotope  incorporation  was  assayed  by 
liquid  scintillation  counting.  It  was  shown  that  most  cells 
responded  to  the  non-specific  stimulant,  despite  the  long  time 
interval  between  the  collection  and  the  processing  of  the  specimens. 

Concerted  efforts  will  be  directed  towards  the  development  of 
an  adequate  scrub  typhus  antigen  to  measure  the  specific  responses 
of  the  sensitized  lymphocytes.  Since  the  response  may  be  dependent 
upon  the  amount  of  antigen  present,  an  attempt  to  prepare  antigens 
with  higher  infectivity  titers  will  be  made.  If  this  is  achieved, 
antigens,  prepared  by  methods  mentioned  above  as  well  as  other  methods, 
will  be  tested.  This  work  will  be  performed  utilizing  the  peripheral 
cells  from  experimentally  infected  mice  and  monkeys,  and  should  the 
results  be  successful,  the  assay  will  be  applied  to  lymphocytes  from 
human  patients. 


INVESTIGATION  OF  NATURALLY  OCCURRING  STRAINS  OF  R.  TSUTSUGAMJSMl 
FOR  PCTEMriAL  USE  AS  A  VACCINE 

In  vaccine  development,  consideration  must  be  given  to  isolation 
and  identification  of  attenuated  strains  with  antigenic 
^racteristics  similar  to  those  of  the  predominant  strain  existing 
in  a  particular  geographic  area.  Studies  in  Thailand,  West  Pakistan, 
and  Nfalaysia  have  demonstrated  the  predominance  of  the  Karp  and 
Karp-related  strains  (15;  47;  USAMRU,  unpublished  data). 

The  intraperitonea 1  inoculation  of  the  Karp  strain  usually 
results  in  death  of  susceptible  outbred  mice.  However,  isolates  that 
resemble  Karp  serologically  have  been  found  in  Malaysia  that  cause  no 
deaths  in  laboratory  mice.  All  infected  mice  survived  a  letlujl 
challenge  of  the  Karp  strain.  Seed  suspensions  for  these  isolates 
were  prepared  from  infected  mouse  tissues.  All  produced  vcr>’  low 
infectivity  titers  of  approximately  10~-^-5  when  titrated  in  nojirvil 
laboratory  mice.  Because  of  this,  further  tests  in  mi'c  ;m.l  monkeys 
were  curtailed. 


THE  IMPACT  OF  ECOLOGICAL  CHANGES  ON  THE  POPULATION  OF  SCRUB  TYPHUS 
VECTORS  IN  AN  AREA  CLEARED  OF  FOREST  AND  REPLANTED  IN  A  TYPE  OF 
VEGETATICW  IHAT  NATURALLY  SUPPORTS  A  OilGGER  POPULATION 

Scrub  typhus  has  long  been  associated  with  specific  types  of 
habitat.  The  name  scrub  typhus  was  coined  to  associate  the  disease 
with  the  scrub  terrain  where  the  disease  was  often  contracted. 

Within  Peninsular  Malaysia,  the  vector  mites  vdiich  transmit  the 
disease  can  be  found  in  lalai^  fields,  along  sandy  beaches,  in 
different  forest  types  and  within  major  agricultural  crops. 

Since  the  early  1960's  hundreds  of  thousands  of  acres  of  land 
in  Malaysia  have  been  put  into  agricultural  production,  primarily 
through  large  government- financed  programs.  The  Federal  Land 
Development  Authority  (FELDA),  established  in  1956,  is  now  one  of 
the  largest  land  development  agencies  of  the  Malaysian  Government.  , 
Based  on  a  fully  integrated  approach,  FElDA's  operations  include 
land  clearing;  planting  of  main  crops  (primarily  oil  palm  and 
rubber);  development  of  villages;  selection  and  emplacement  of 
settlers;  management  of  projects;  provision  of  credit;  marketing 
services;  and  facilitating  social  and  conmunity  development. 

^ring  the  development  stage  FELDA  contractors  carry  out  jungle 
clearing,  plant  the  main  crop,  and  maintain  the  crop  until  settlers 
enter  the  project.  Settler  houses  are  also  built  by  FELDA 
contractors.  Roads,  water  supplies,  schools  and  clinics  are 
constructed  by  the  Public  Works  Department.  Settlers  enter  the 
project  2)  -  3  years  after  the  start  of  land  clearing  and  are 
iimediately  responsible  tor  weeding,  fertilizing,  pest  and  disease 
control.  Prior  to  the  time  that  the  settler  receives  incane  from 
his  land,  FELDA  provides  subsistence  credits  to  the  settler. 
Approximately  5  years  after  planting  of  oil  palm  (later  in  the  case 
of  rubber)  the  settler  conmences  repaying  the  loan  which  covers  the 
cost  of  land  development,  fertilizers,  subsistence  credits  and  a 
house.  The  settler  acquires  title  to  the  land  (or  a  share  in  a 
cooperative)  after  about  15  years  of  loan  payment. 

FELDA  oil  palm  development  schemes  each  consist  of  approximately 
4CXX)  acres.  Approximately  400  settler  families  enter  each  scheme 
with  10  acres  of  oil  palm  alloted  to  each  settler  family. 

The  oil  palm  trees  are  planted  in  rows  approximately  6  meters 
apart.  Before  the  trees  begin  to  bear  fruit,  grasses  are  allowed 
to  grow  around  the  trees.  In  order  to  harvest  the  fruit,  a  frond 
below  the  fruit  must  be  cut.  These  fronds  are  stacked  between 
every  other  row  of  trees  (Figure  6).  Thus,  rows  are  separated 
alternately  by  grass  strips  and  piles  of  fronds.  As  the  settlers 
begin  working  their  plot,  some  of  the  grasses  are  eliminated  due  to 
cultiyation  practices.  Also,  as  the  trees  grow  a  canopy  forms 
reducing  the  sunlight  which  reaches  the  grass  around  the  trees.  By 
this  means  many  of  the  grasses  are  eliminated. 


Previous  studies  at  a  district  hospital  and  a  rural  health 
center  provided  data  which  showed  that  scrub  typhus  was  a  common 
cause  of  fever  among  oil  palm  workers  (5).  Studies  at  the  Bukit 
Mendi  FELDA  oil  palm  development  scheme,  vdiich  contained  plantings 
of  5  and  7  years  of  age,  provided  data  vdiich  served  to  suggest  a 
greater  risk  of  infection  in  the  younger  oil  palm.  The  major 
difference  in  the  two  groups  of  oil  palm  was  the  presence  of  dense 
grasses  between  the  rows  of  young  oil  palm  trees,  and  the  absence 
of  such  grasses  in  the  older  oil  palm.  A  natural  succession  of 
plants  and  micro-habitats  seemed  to  exist  in  the  oil  palm.  The 
changes  within  these  micro-habitats  might  have  had  a  definite 
effect  upon  the  distribution  of  the  chiggers  in  the  areas,  which, 
in  turn  could  affect  the  chances  of  human  contact  with  the  vectors. 

In  an  effort  to  study  the  changes  that  take  place  in  an  oil 
plam  scheme  and  to  study  the  influences  these  changes  have  upon 
vector  populations,  a  longitudinal  study  of  a  number  of  schemes  in 
the  Jengka  'triangle  complex  was  undertaken. 

At  the  beginning  of  the  study  in  April,  1977,  the  Jengka 
Triangle  con;^lex  (Figure  7)  consisted  of  23  schemes,  of  which 
approximate iv  631  of  the  total  usable  acreage  was  in  oil  palm  and 
the  remainder  was  in  rubber.  The  oil  palm  development  schemes 
varied  in  age  from  nev;ly  cleared  land  to  oil  palm  approximately  10 
years  old.  Fight  areas  were  selected  for  study,  lliese  included: 
uncut  forest;  unplanted  oil  plam  or  scrub  (Jengka  23);  1.5  year-old 
oil  palm  (Jengka  23);  2  year-old  oil  palm  (Jengka  17);  2.5  year-old 
oil  palm  (Jengka  19);  3.5  year-old  oil  palm  (Jengka  15);  5.5  year- 
old  oil  palm  (Jengka  11) ;  and  9  year-old  oil  palm  (Jengka  2) . 

Two  of  the  schemes  (Jengka  11  and  Jengka  15)  on  to  which 
settlers  had  recently  moved  were  studied  intensively.  Febrile 
illnesses  in  settlers  on  these  2  schemes  were  studied  in  other 
projects  (see  sections:  (1)  A  Study  of  the  Clinical,  Pathological, 
Epidemiological  and  Therapeutic  Characteristics  of  &rub  Typhus 
Among  Febrile  Patients  at  an  Isolated  Rural  Health  Center  in 
Malaysia,  and  (2)  A  Longitudinal  Study  of  the  Characteristics  of 
R.  tsutsugamushi  Infection  Among  FELDA  Oil  Palm  Settlers  in  West 
Pahang) .  Settlers  were  on  Jengka  11  for  approximately  18  months 
before  the  start  of  this  study,  while  the  settlers  on  Jengka  15  had 
arrived  on  the  scheme  only  6  months  before  the  beginning  of  the 
study.  In  Jengka  11  numerous  cases  of  scrub  typhus  had  been 
diagnosed,  whereas  in  Jengka  15  cases  had  not  occurred. 

In  an  effort  to  correlate  chigger  populations  with  human  and 
rodent  infections,  monthly  collections  of  rodents  and  chiggers  were 
made  from  Jengka  11  and  Jengka  15.  In  each  scheme  two  permanent 
trapping  grids  of  100  traps,  set  6  meters  apart,  were  established. 
Chiggers  were  collected  from  trapped  rodents  and  by  the  black 
plate  technique  from  within  these  grids.  Additionally,  to  obtain 
samples  from  a  larger  area  throughout  these  schemes,  a  "roving" 


Characterization  of  Rickettsia 
tsutsugamushi  strains  from 
chiggers  collected  from  Jengka 
Triangle  study  sites  (March 
1977  -  fterch  1978) . 


Table  11 


Number 


Percent 


TA686 


TA716 


TA763 


Karp,  TA686 
Karp,  TA716 
Karp,  TA763 
TA686,  TA763 


TA716,  TA763 


Karp,  TA686,  TA71() 
Karp,  TA716,  TA763 


Total 


CHARACTERIZATION  OF  RICKETTSIA  TSUTSUGAMUSHI  STRAINS 
PRESENT  IN  INFECTED  LAMRATORV-raARED'I'.Tl . )  ARENIOOLA 

IGGERS 


AND  L.  (L.)  FLETCHERI  CHK 


In  previous  studies  natural  infections  of  silvered  leaf  monkeys 
by  laboratory-reared  L.  (L.)  arenicola  and  L.  (L.)  fletcheri 
chiggers,  infected  with  R.  tsutsugamishi .  produced  disappointing 
results  as  far  as  the  development  of  any  clinical  signs  (Walter  Reed 
Army  Institute  of  Research  Annual  Progress  Report,  1  October  1976  - 
30  Septemiter  1977).  In  addition,  the  intradermal  inoculation  of 
monkeys  with  R.  tsutsugaiaishi  strains  recovered  from  both  species 
of  cMggers  resulted  in  poor  clinical  responses.  The  Arenicola 
strain  was  more  virulent  for  mice,  however,  than  the  Fletcheri 
strain. 


Recently,  a  fluorescent  antibody  (FA)  technique  was  developed 
for  identification  of  R.  tsutsugamashi  infections  in  chiggers  (12) . 
With  this  technique,  which  also  can  be  use-1  to  type  antigenically 
the  infecting  organisms,  routine  random  examination  of  L.  (L.) 
fletcheri  colony  chi^ers  showed  differences  in  the  antigenic  make- 
up  of  the  strains  existing  in  different  lines  of  chiggers  frran  the 
same  generation.  To  determine  the  true  nature  of  the  strains 
existing  ^  both  L.  (L.)  arenicola  and  L.  (L.)  fletcheri  colonies, 
an  extensive  study  was  undertaken  \diere  chiggers  from  different 
lines  from  each  colony  were  examined.  From  each  line,  5  chiggers 
were  harvested  and  examined  by  the  FA  technique.  In  addition,  5 
chiggers  were  individually  fed  on  mice,  vhich  were  then  observed 
for  28  days  for  morbidity  and  mortality.  Another  5  chiggers  were 
also  fed  individually  on  mice,  but  when  these  mice  became  ill,  or  on 
day  14  if  not  ill,  they  were  killed  and  suspensions  of  livers  and 
spleens  were  prepared  and  inoculated  into  10  normal  mice.  These 
animals  were  observed  for  28  days.  All  surviving  mice  were 
chaHenged  with  10^  MLD^q  of  the  virulent  Karp  strain.  In 
addition,  glycogen-treated  mice  (45)  were  inoculated  with  suspensions 
from  the  above  mice,  and  peritoneal  fluids  were  then  examined  for 
rickettsial  organisms  by  direct  ijiinunofluorescence. 

Ex^ination  of  23  different  lines  of  L.  (L.)  arenicola  chiggers 
by  the  FA  technique  demonstrated  the  following?  8  lines  carried 
TA716  and  TA763  antigens;  H  lines  carried  TA716,  TA763  and  TA686 
antigens;  and  4  lines  carried  TA716,  TA763  and  Karp  antigens. 
Peritoneal  exudates  from  mice  on  which  the  siblings  of  the  above 
chiggers  had  fed  are  currently  being  examined.  Although  the  results 
are  inconplete,  a  greater  expression  of  antigenic  types  has  been 
noted  when  organisms  in  the  infected  L.  (L.)  arenicola  chiggers  were 
passed  in  mice.  " 


j  fletcheri  chiggers,  those  from  2  lines 

had  TA716  and  TA763  strains,  while  those  from  3  lines  carried  only 
the  Gilliam  strain.  The  remaining  chiggers  demonstrated 
combinations  of  Gilliam  with  Karp-related  (TA686,  TA716,  TA763, 
Karp,  Kato)  strains.  The  peritoneal  fluids  from  mice  on  which  L. 


fL.)  fletcheri  chiggers  had  Jed  sh‘>wed  multiple  antigenic  strains, 
including  Iwth  Gilliam  and  Karp-related  strains. 

Because  the  L.  (L.)  fletcheri  chiggers  contained  organisms 
with  3  antigenic  patterns  (Gilliam;  Karp-related;  Gilliam  and 
Karp-related) ,  it  was  decided  to  examine  the  chiggers  of  ^e  next 
generation  from  some  of  these  same  22  lines  and  to  detenaine  if 
antigenic  alterations  occurred.  Of  15  chiggers  tested  from  Gilliam 
parents,  13  carried  both  Gilliam  and  Karp-related  antigens;  1 
demonstrated  only  TA716;  and  1  showed  Gilliam  only.  All  chiggers 
tested  from  parents  carrying  only  Karp-related  strains  demonstrated 
only  Karp-related  antigens.  In  the  case  of  10  chiggers  tested  from 
parents  carrying  both  Gilliam  and  Karp- related  strains,  7  showed 
TOth  antigenic  types;  2  carried  Gilliam  antigens  only;  and  1  showed 
only  TA716  antigen. 

The  virulence  of  the  chigger  strains  for  mice  was  studied.  It 
was  noted  that  there  were  minimal  illnesses  and  deaths  in  the  mice 
that  were  fed  upon  by  either  species.  Randomly-selected  mice  from 
these  groups  were  also  harvested  10-14  days  after  chigger  induced 
infection.  Tissue  suspensions  of  livers  and  spleens  were  inoculated 
IP  into  nomml  mice.  A  high  mortality  (831)  and  long  duration  of 
illness  (10  days)  were  observed  in  those  mice  infected  with  tissue 
suspensions  prepared  from  Arenicola- infected  mice.  Whereas 
sporadic  deaths  (221)  and  shorter  duration  of  illness  (6  days) 
occurred  in  animals  infected  with  suspensions  from  Fletcheri- 
infected  mice. 


LEPTOTROMBIDIUM  (LEPTOTROMBIDIUM)  VIVERICOLA,  VERCAhfCN-GRANail-AN 

- AND  IM&'IUN,  1976,  A5  A  POSSIBLE  VECTOR  OF  SCRUB  TYPHUS 

IN  PENINSULAR  MALAYSIA 

Three  species  of  Leptotr^idium  are  known  to  be  vectors  of 
scrub  typhus  in  Peninsular  Malaysia.  These  include:  L.  (L.) 
fletcheri  (formerly  akairushi  in  Malaysia,  L.  (L.)  delTense  and  L. 
(L.)  arenicola. 

L.  (L.)  fletcheri  is  found  in  lalang  fields  ^mperata 
cyliniSrica) (22)  throughout  Peninsular  Malaysia.  The  natural 
transmission  of  Rickettsia  tsutsugamushi  has  been  studied  within  an 
infected  laboratory- reared  colony  of  L.  (L.)  fletcheri  (38;  40;  60). 
L.  (L.)  deliense  is  distributed  throughout  nuch  of  Southeast  Asia 
and  is  the  major  vector  in  forest,  scrub  and  oil  palm  habitats 
throughout  Peninsular  Malaysia  (22;  Walter  Reed  Army  Institute  of 
Research  Annual  Progress  Report,  1  October  1976  -  30  September 
1977) .  L .  a. )  arenicola  is  found  along  the  sandy  beaches  of 
Peninsular  mlaysia  (52;  56)  and  has  been  reported  from  beaches 
around  Jakarta,  Indonesia  (19).  Transovarial  transmission  has  been 
reported  from  two  separate  laboratory- reared  colonies  of  this 
species  (37;  45). 


As  early  as  197o,  a  spivies  of  chigRer  was  collected  that  was 
taxonomically  sunilar  to  L.  (l.)  arenicola  (Walter  Reed  Amry 
Institute  of  Research  Annual  IProgrcss  Report,  1  July  1975  -  30  June 
1976).  This  species  was  collected  from  inland  locations  that  were 
not  ^sociated  with  samly  beaches.  Additional  specunens  of  this 
species  were  collected  from  various  study  sites  (Walter  Reed  Army 
Institutie  of  Research  Annual  Progress  Report,  1  October  1976  -  30 
September  1977).  Recently,  Vercaiiimen-  Irandjean  and  Langston  (57) 
described  a  spcjs,  i.  (L. )  vivericui  ,  which  taxonomically 
conformed  to  this  species. 

A  small  number  of  L.  (]^.)  viyericola  from  black  plate 
collections  at  Llmina  Estate  ujkI  Ikikit  Mendi  (Walter  Reed  Army 
Institute  of  Research  Aiuuial  Progress  Report,  1  October  1976  -  30 
September  1977)  study  sites  were  found  to  be  infected.  During  more 
recent  collections  from  Jengka,  12  of  885  (1.41)  L.  (L.)  vivericola 
chiggers  were  foumi  to  be  infecttnl.  I'wo  additional  collections  from 
Selangor  (See  Section:  A  Stixly  of  Rickettsia  tsutsugamushi 
Infections  in  Chiggers  Collected  in  Selangor,  Penin^lar  Malaysia) 
containing  a  large  niunbor  of  this  species  did  not  have  infected 
chiggers. 

Of  4,876  chiggers  collccu\l  by  the  black  plate  technique  from 
the  Jengka  study  sites  and  identified  during  the  past  year,  1,020  or 
20.91  were  L.  (L. )  vivericola.  However,  of  the  chiggers  collected 
frOT  mammals,  less  THan  one  percent  have  been  this  species.  Tlie 
majority  of  the  previous  collections  of  L.  (L.)  vivericola  from 
mamnals  have  come  from  the  tree  shrew,  Tlipaia  glis  (Table  12).  In 
comparison  to  previous  collections,  particularTy^kit  Mendi,  few  T. 
g^ts  have  been  collectetl  from  the  Jengka  study  site.  In  an  effort 
to  determine  the  iiKiintaining  hosts  for  L.  (L.)  vivericola  within 
Jengka,  a  single  collection  of  birds  was  mad^e.  The  majority  of  the 
birds  netteil  were  not  grouml-dwell ing  birds.  However,  of  20  chiggers 
collected  from  3  chigger-infestcxl  birds,  18  (90i)  were  L.  (L.) 
vivericola.  Additional  collections  of  ground-dwelling  birds  are 
planned  to  determine  the  extent  of  birds  as  hosts  of  this  species. 

Hiring  the  past  year,  one  collection  was  made  from  ;in  area  in 
Biikit  ^ndi  that  was  presumetl  to  have  infected  L.  (L.)  vivericola 
with  the  intention  of  establishing  an  infected  colony,  ifowever , 
none  of  the  chiggers  ex;uiiint\l  proved  to  be  infecttxl.  A  more  recent 
collection  from  presunuibly  infectetl  "mite  islands"  in  Jengka  is 
currently  under  stixly.  Rearal  adults  have  been  obtained  and  their 
offspring  will  be  identified  and  testcil  for  infectivity. 


Table  12.  L^totronibidi«^  (L.)  vivericola  collected  from  mamnals  from 
tra-ee  study  sites  in  Peninsular  Malaysia. 


Location  and 
Mamals  Species 

hkind)er 

L.(|L.)  vivericola 
Tnfested  Mamnals 

Nunber 

Chiggers 

Identified 

L.(L.)  vivericola 

NMber  X 

Tanan  Negara 

Tupeia  glis 

2 

429 

2 

0.4 

Elmina  Estate 

Tupaia  glis 

3 

134 

3 

2.2 

Rattus  tionanicus 

2 

32 

2 

6.2 

Bukit  Mendi 

Tupaia  glis 

52 

1300 

251 

19.3 

Rattus  tiomanicus 

5 

95 

5 

5.3 

Rattus  argent iventer 

2 

54 

_ 

2 

1 _ 

3.7 

A  STUDY  OF  RICKETTSIA  TSirrsUGAMJSHl  INFECTICWS  IN  CHIGGERS 
COLLEtt^  llT SOJ^HSRTTWnSULAR  MALAYSIA 


Recently  a  technique  for  assaying  R.  tsut^ganushi  infections 
in  chiggers  collected  by  the  black  plate  method  ^s  described  (12). 
Since  that  time  most  studies  of  R.  tsutsugamishi  infections  in 
chiggers  in  Malaysia  have  been  limited  to  chiggers  collected  from 
oil  palm  s'udy  sites  in  central  Pahang.  From  these  studies  it  can 
be  generally  concluded  that  the  prevalence  of  infections  in 
chi^ers  varies  with  collection  sites;  the  strains  in  chiggers  are 
similar  to  those  recovered  from  rodents  airi  patients  in  the  same 
area;  and  idiile  multiple  antigens  are  detected  in  rodent  and  human 
isolates,  the  apparent  infections  in  chiggers  tend  to  be  more 
monotypic  with  regard  to  antigenic  strains. 

Since  conclusions  drawn  frc»n  examinations  of  chiggers  collected 
from  limited  habitats  in  central  Pahang  cannot  be  applied,  without 
considerable  caution,  to  wider  endanic  areas,  a  study  was  recently 
undertaken  to  examine  chiggers  collected  from  other  areas  and 
habitats  in  Nfalaysia. 

In  the  study  reported  here  chiggers  were  collected  during 
^ril  and  May  1978  by  the  I  lack  plate  technique  from  2  habitats, 
lalang  and  secondary  forest,  within  a  30  mile  radius  of  tijala  Lim^xir 
(Figure  9).  Three  sites  were  in  lalang  fields  (Rawang  (1)), 
f^la  Selangor  Road  (2)  and  Jenderam  (S))  and  three  sites  were  in 
secondary  forests  (Subiig  (3),  Bangi  (4)  and  Ulu  Langat  (6)). 

Four  species  of  chiggers  belonging  to  the  subgenera 
I^ptotrombidiiM  (Leptotrmbidium)  were  collected  during  this  study, 
"rtiese  included:  L.  ^.)  fletcheri;  L.  (L.)  deliense;  L.  (L.) 
vivericola;  and  T.  (T. )  bodense. ~  L.  (LT)  fletcheri  and  L.  (L.) 
deliense “are  well  known  vectors  of” scnib  typhus  and  L.  (T.) 
vivericola  is  a  recently  described  species  that  may  he  a  possible 
v^tor  of  scrub  typhus.  (See  Section:  L.  (L.)  vivericola  as  a 
Possible  Vector  of  Scrub  Typhus).  L.  (T. )  hodense,  while  never 
being  incriminated  as  a  vector,  is  taxonomically  closely  related 
to  L.  (L. )  fletcheri  and  L.  (L.)  deliense. 

A  total  of  998  unengorged  chiggers  were  collected.  Table  13. 

From  the  3  lalang  areas,  the  predominant  species  collected  was  L. 

(L.)  fl^cheri.  Only  a  single  specimen  of  L.  (L.)  deliense  was 
collected. 

Within  the  secondary  forested  areas,  a  wider  variety  of 
species  was  found.  In  the  Subang  study  site  predominant  species 
were  L.  (L.)  deliense  (62.61),  and  L.  (L.)  vivericola  (30.81). 

Also  collected  was  a  small  number  oT  L.  (L.)  Wense  (6.61). 
Surprisingly,  the  main  species  within  the  other  two  secondary 
sites,  Bangi  ^  Ulu  Langat,  was  L.  (L.)  vivericola,  with  98.6  and 
99.51  respectively.  Six  (3.21)  Babiangia  parmifera  were  collected 
from  Bangi  and  a  single  L.  (L.)  deliense~was  collected  from  Ulu  Langat. 
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1 
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Figure  9.  Locations  of  black-plated  chigger  collection  sites  in 
Selangor,  Peninsular  Malaysia 

(1)  tewai^,  (2)  Kuala  Selangor  Road,  (3)  Subanc, 
(4)  Bangi,  (5)  Jenderam,  (6)  Ulu  Langat. 


Table  13.  Trombiculid  larvae  collected  from  black  plates  from  6  localities  within  Selangor 


A  STUDY  OF  RICKETTSIA  TSUTSUGAMJSUI  INFECTKM?  IN  QIICXIERS 


No  organisms  were  observed  in  any  of  the  chiggers  collected 
from  the  secondary  forest  sites. 


(Xit  of  the  998  chiggers  lollecttxl,  850  (85.2tl  were  examined 
for  R.  tsutsugai^shi  by  direct  FA  technique.  The  remaining  148 
specimens  were  dead  at  the  time  of  ex^imination. 

Within  the  392  specimens  examined  from  lalang  sites,  13  (3.3i) 
were  Infected:  Rawang  3/71  I4.2\1;  Kuala  Selangor  Road  4/133  (3.01) 
ai^  Jenderam  6/188  (3.21).  Of  the  13  infected  chiggers,  12  reacted 
with  the  KArp  strain.  A  single  specimen  from  Jenderam  reacted  with 
the  TA763  strain. 


Antigenic  heterogeneity  of  Rickettsia  tsutsugamushi  has  been 
reported  sufficiently  for  the  trait  to  become  widely  accepted  as 
characteristic  of  the  organism.  A  study  in  Malaya  showed  the 
presence  of  the  multiplicity  of  jintigenic  types  in  a  single  small 
area  (28).  The  8  strains  isolateil  from  mites  and  volunteers 
belonged  to  4  sero-groups  as  measured  by  cross  serum  neutralization 
tests.  Antigenic  characterization  of  many  isolates  from  Thailand, 
West  Pakistan  and  Malaysia  have  demonstrated  the  predominjuice  of 
Karp  and  Karp-related  strains  (15;  47;  USAKRJ,  unpublished  data). 
Knowledge  of  the  prevalence  and  distribution  of  antigenic  strains  of 
^  tsutsugamushi  in  the  endemic  region  is  an  obvious  prerequisite  to 
the  selection  of  antigens  in  the  development  of  iiminoprophylactic 
agents. 


Recently  an  iirmunofluorescence  test  was  developed  for  the 
identification  of  R.  tsutsugamushi  infections  in  unengorgeil  chiggers 
collected  by  the  black  plate  technique  02).  The  test  can  also  be 
used  to  antigenically  chanacterize  the  infecting  organism.  This 
technique  affords  an  efficient  means  of  .acquiring  data  on  tl>e 

R  revalence  and  distribution  of  antigenic  strains  in  selected 
abitats  and  geographic  areas.  Using  this  technique  much  data 
has  been  gathered  from  chiggers  collecteil  at  study  sites  in  central 
Pahang,  Peninsular  Malaysia,  where  Karji  K.arp- related  strains 
were  found  as  the  predominiint  .antigens  (Table  14).  However, 
findi^s  in  central  Malaysia  imiy  not  reflect  the  prevalence  ami 
distribution  of  antigenic  types  in  the  entire  endemic  region; 
therefore,  analysis  of  R.  tstitsugjimushi  strains  from  wider 
geographic  areas  is  essential.  To  this  emi,  isolates  from  selected 
habitats  throughout  Peninsular  Hilaysia  arc  being  antigenically 
characterized,  and  arrangements  have  been  made  to  acquire  specimens 
for  study  from  other  areas  in  the  Asiatic-Pacific  region  e.c. 
Thailand.  ^ 


Table  14.  Antigenic  characteristics  of  Rickettsia  tsutsuganushi 
organisms  identified  in  chiggers  from  three  different 
study  sites  in  Peninsular  Malaysia. 


Total  specimens  examined 
Total  positive  siv».:imens 


Elmina  Estate 


664 

11 


Bukit  Mendi 


2184 

106 


Jengka 


4418 

179 


Strains 

Karp 

TA686 

TA716 

TA763 

Karp,  Kato 

Karp,  TA686 

Karp,  TA716 

Karp,  TA763 

TA686,  TA763 

TA716,  TA763 

Karp,  TA686,  TA716 

Karp,  TA716,  TA763 

Karp,  TA686,  TA716,  TA763 


io 

1 


75 


6 

2 

2 

1 


125 

1 

7 

9 

7 

10 

10 

1 


1 

1 

1 


6 

1 

9 


17 


The  first  clinical  case  ol  scrub  tyjihus  in  Thailand  was 
described  by  Thaineita  (51),  iukI  tlK  first  isolation  of  the  rickettsial 
organism  was  from  rodents  (53).  Subsequent  investigations  resulting 
in  isolations  of  R.  tsutsugaimshi  organisms  from  humans,  rodents, 
and  chiggers  throughout  the  nvajor  physiogeographic  areas  have 
demonstrated  the  widespread  occurrence  of  scrub  typhus  in  Thailand 
(15;  54;  55;  SEATO  Medical  Reseaivh  Laboratory,  Bangkok,  Thailand, 
Annual  Progress  Reports,  I960,  1967,  1968,  1969). 


Although  3  vector  species  of  chiggers,  Leptotrombidium 
(Leptotrombidium)  deliense,  1..  (L.)  saitellareand  L.  (L.)  fletcheri 
are  Known  to  be  present  in  Tlviiland,  TT.  tsutsugami.ishi  has  been 
isolated  only  from  L.  (L.)  del iense  (SliAtO  Medical  Research 
Laboratory,  Bangkok,  Thailand,  Annual  Progress  Report,  1966). 


To  determine  the  prevalence  and  distribution  of  antigenic 
strains  of  R.  tsutsugaimshi  in  Thailand  and  to  further  evaluate  the 
FA  technique  for  analysis  of  R.  tsutsugantishi  infect ioi.  in  chiggers, 
a  cooperative  study  was  undertaken  witn  the  Armed  Forces  Research 
Institute  of  Medical  Sciences,  Ikuigkok,  Thailand.  During  the  period 
of  July  to  December  19'’",  chiggers  were  collected  by  the  black  plate 
method  from  various  sites  thi-oughout  Thailand  (Figure  10),  and 
shipped  ill  vials  of  water  to  Kuala  Uimjxjr  for  R.  t sut sugamushi 
strain  characterization  and  chigger  sfxvies  identification.  Sjx'c 
from  Pak  Chong  were  collecteil  from  Junt'  through  August  1978. 


linens 


Table  15  sumnarizes  the  sixt  ies  of  chiggers  collected  from  the 
respective  study  sites.  Tliese  incliKled  not  only  those  chiggers 
examined  for  the  presence  of  semb  ty’phus  organisms,  but  also  the 
ones  which  were  dead  upon  arrival.  L.  (L.)  del iense  represents 
84. 5\  of  the  total  chiggers  collected.  L.  (L.1  miculum  ai'V'inum 
(3.61)  and  L.  (L.)  fulleri  (0.91),  both  closely  related  to  L.  (L.) 
deliense.  were  also  collecteil.  Four  unknowTi  species,  designate  L. 
(1..)  species  A-D,  have  been  found  ami  are  currently  being  identifTeil, 


Table  16  presents  data  on  infection  rates  in  chiggers  examineil 
from  4  of  7  study  sites.  IXie  to  an  excessive  workload  from  on-going 
Malaysian  and  Thai  studies,  chiggers  from  3  sites  could  not  be 
examined.  The  presence  of  infected  chiggers  in  these  areas 
substantiated  the  findings  of  previous  studies  (15;  54;  55). 


The  number  of  infecteil  chiggers  by  species  is  shown  in  Table 
17.  As  expected,  L.  (L.)  deliense  comprisei.1  the  majority  (81.31) 
of  the  infect^  chiggers.  Tlie  other  3  infectetl  l^eptotronAiidium 
(Leptotrombidium)  species  have  not  been  previously  recognized  as 
vectors  of  scrub  typhus;  however,  they  arc  closely  relatml 
taxoncmically  to  L.  (L.)  de  1  iense .  The  surjirising  fimling  is  the 
single  infectetl  specimen  of  M I c ro t romb i cu  1  a  ch;imlongi . 


The  results  of  ty|nng  the  R.  t sut sugamushi  org;misms  in  the 
infected  chiggers  arc  shown  in  Tables  18  and  19.  There  appears  to 
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Figure  10.  Locations  of  black-plated  chigger  collection  sites  in 
Thailand.  (1)  Lhiaiig  Mai,  (2)  Nakom  Ratchasima, 
(3)  Ubon  Ratchathani,  (4)  ^rin,  (5)  Kanchanaburi, 
(6)  Prachin  Buri ,  (7)  Pak  Qiong. 


Chiggers  identified  from  Thailand  during  a  study  of  Rickettsia  tsutsuganushi 
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Table  16.  Infection  rates  of  chiggers  examined  for 
Rickettsia  tsutsugamushl  from  Thailand. 


Location 

Total 

Chiggers 

Examined 

Number 

Infected 

Percent 

Infected 

Chiang  Mai 

131 

27 

20.6 

Nakom  Ratchasima 

50 

30 

60.0 

Ubon  Ratchathani 

579 

26 

4.5 

Pak  Oiong 

188 

12 

6.4 

Total 

1 

948 

95 

10.0 

A  single  chigger  from  one  collection  at  Prachin  Buri  vras 
also  infected. 
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Table  18.  Strains  and  strain  combinations  of  Rickettsia 
tsutsugamushi  from  different  geographical 
locations  in  Thailand. 


Karp,  TA716 
Karp,  TA763 
Karp,  TA716,  TA763 
Karp,  TA686,  TA716 
TA716,  TA763 
TA686,  TA716 
TA686,  TA763 
Kato,  TA716,  TA763 


0 

0 

2 

12 

0 

0 

0 

0 

0 

1 

27 


30 


26 


12 


96 


Table  19,  Strains  and  strain  combinations  of  Rickettsia 
tsutsugaimshi  by  chigger  species  collected  in 
Thailand. 


L.  (L.)  deliense 

1 

i 

L.  CL-)  species  A 

L.  (L.)  species  B 

L.  (L.)  miculun  arvinum 

1 

1 

1 

tH 

1 

1 

1 

«-) 

o 

ll 

'1 

Total 

Karp 

21 

0 

0 

- 1 

3 

0 

24 

Kato 

1 

0 

0 

1 

1 

2 

TA686 

5 

1 

0 

0 

0 

6 

TA716 

7 

3 

1 

2 

0 

13 

TA763 

13 

2 

1 

1 

0 

17 

Karp,  TA716 

3 

1 

0 

0 

1 

0 

4 

Karp,  TA763 

1 

3 

1 

0 

0 

0 

4 

Karp,  TA716,  TA763 

4 

0 

0 

0 

0 

4 

Karp,  TA686,  TA716 

2 

0 

0 

0 

0 

2 

TA716,  TA763 

13 

0 

0 

1 

0 

14 

TA686,  TA716 

4 

0 

0 

0 

0 

4 

TA686,  TA763 

1 

0 

0 

0 

0 

1 

Kato,  TA716,  TA763 

1 

0 

0 

0 

0 

1 

Total 

78 

■ 

2 

8 

1 

96 

9'.0 


be  no  correlation  between  either  the  strains  and  the  collection 
sites  or  the  strains  and  the  chigger  species.  However »  the  findings 
clearly  demonstrate  the  predominance  of  Karp  and  Karp-related 
'(TA686,  TA716,  TA763)  strains,  a  fact  also  observed  in  our  studies 
in  Malaysia  (Table  14).  Gilliam  antigen  was  not  observed  in  any 
case.  Mmotypic  iivfections  were  seen  in  64.61  of  the  infected 
chiggers;  this  again  agrees  with  the  findings  in  Malaysia. 


FIELD  STUDIES  OT  A  SYSIBilC  AGARIC  IIK,  DlhCIHQATE, 

FOR  THE  CONTROL  OF  OIIGGERS  (ACARINA:  TROMBICULIDAE) 

In  a  previous  report  (Walter  Reed  Army  Institute  of  Research 
Annual  Progress  Report,  1  October  1976  -  30  September  1977)  this 
study  was  described  in  detail  and  preliminary  findings  were 
presented. 

Because  of  the  nature  and  habits  of  chiggers  (trombiculid 
larvae),  a  single  effective  control  measure  is  difficult  to  devise. 

As  chiggers  are  often  found  in  forested,  swanpy  or  grassy  areas,  many 
of  the  usual  recommendations  of  insect  control  are  not  feasible. 

Many  of  the  preferred  habitats  of  chiggers  are  in  vast  forests, 
protected  against  the  use  of  chemical  treatment  by  dense  vegetation. 
Control  by  removing  the  vegetation  (i.e.  burning,  clearing  and 
scraping),  although  effective,  is  usually  limited  to  specific 
situations  like  camp  grounds  and  construction  sites. 

The  most  common  control  measure  is  the  use  of  chemical 
repellants,  either  by  direct  application  to  parts  of  the  body  or  by 
clothing  impregnation.  This  is  most  practical  and  effective  when 
properly  utilized. 

In  recent  years,  interest  has  increased  in  the  use  of  systemic 
insecticides  for  the  control  of  certain  arthropods  of  medical  eind 
veterinary  iii^x}rtance.  Advantages  of  this  means  of  control  include: 
a  relative  ease  of  administering  the  chemical;  a  reduction  in  the 
amount  of  chemical  applied;  and  the  lack  of  environmental 
contamination  by  the  chemical  used.  Systemic  insecticides  have 
proven  effective  against  cattle  grubs  (14),  fleas  (7;  29;  30;  31;  32), 
lice  (8),  and  the  northern  fowl  mite  (27). 

To  examine  the  feasibility  of  controlling  chiggers  through  the 
use  of  a  systemic  insecticide,  Dohany  et  al  (11)  administered  orally 
17  insecticides  to  guinea  pigs.  Of  the  insecticides  tested, 
dimethoate  was  the  only  one  ^ich  proved  effective.  In  subsequent 
stixlies  high  chigger  mortality  occurred  in  guinea  pigs  and  Hispid 
cotton  rats  given  bait  which  contained  as  little  as  0.11  dimethoate. 
The  purpose  of  the  current  study  was  to  determine  the  efficacy  of 
dimethoate  in  controlling  chiggers  in  a  field  situation. 
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A  rodent  bait  of  0.2i  ttvimical  grade  dinethoate  fomulated 
mth  a  1:1  mixture  of  crackcx)  corn  and  ground  milo  was  maintained 
in  wooden  bait  boxes.  These  bait  stations  measured  15  x  15  x  3S  an 
and  were  covered  with  a  metal  lid.  Both  ends  were  open  to  allow 
access  to  the  bait.  The  bait  was  changed  weekly  with  the  uneaten 
portion  being  renx)ved  to  determine  the  amount  of  bait  consumed. 

The  bait  was  removed  and  rodents  were  trapped  for  4  nights 
each  month.  The  chiggers  were  collected  from  the  rodents  and  the 
rodents  were  marked  and  released  at  the  site  of  capture.  The 
numbers  and  species  of  chiggers  collected  from  eacn  rodent  were 
determined. 

TVio  different  stody  areas  were  examined  during  this  field 
trial.  The  first  area  was  comprised  of  approximately  2.7  acres  of 
lalang  grass  (Imperata  cyl irairica)  with  a  small  area  of  scrub 
vegetation  in  its  center^  forty-eight  bait  stations,  located 
approximately  40  feet  apart  were  placed  in  the  study  area.  For  the 
monthly  trapping,  100  traps  placed  approximately  20  feet  apart  were 
used.  A  similar  control  site  was  established  approximately  60  meters 
across  a  highway.  The  study  in  this  habitat  was  terminated  after  8 
months  when  a  fire  eliminated  most  of  the  lalang  in  the  dimethoate- 
treated  area. 

The  second  study  site  was  located  in  an  oil  palm  (Elaeis 
guineeyis)  scheme.  The  dimethoate-treated  site  consisted  of 
apprmimately  one  acre  of  6  year-old  trees.  A  total  of  100  bait 
stations  were  placed  approximately  6  meters  apart  in  a  60  x  60  meter 
grid.  The  same  locations  were  used  for  the  monthly  trapping.  A 
similar  untreated  area  located  approximately  half  a  mile  from  the 
study  site  was  trapped  simultaneously. 

jigger  foci  were  located  prior  to  initiation  of  the  stvidy  in 
the  oil  palm.  Twenty-two  foci  were  identified  in  the  treated  area 
and  15  ^  the  control  area,  ^tonthly  sanqjles  from  each  focus  were 
taken  with  the  black  plate  collection  technique.  Ten  10  x  12.5  cm 
black  acrylic  plates  were  used  at  each  site.  The  chiggers  were 
collected  for  identification. 

Analysis  of  variance  (ANOVA)  was  used  to  compare  treated  and 
control  areas  by  the  mean  numbers  of  chiggers  per  rodent,  the  rodent 
entrapment  rates  and  the  mean  number  of  chiggers  per  black  plate 
over  the  whole  period  of  the  study.  Trapping  rates  were  standardized 
to  the  number  of  rodents  per  100  traps  per  night. 

Lalang  Habitat 

Figure  11  presents  the  average  number  of  chiggers  collected  from 
tiomanicus.  the  preilominant  rodent  trapped  from  both  the 
treated  and  control  areas  within  the  lalang  study  site.  The 
average  nunber  of  chiggers  per  R.  tiomanicus  in  the  treated  area 


was 


Figure  11.  Average  number  of  chiggers  per  rodent  from  dimethoate 
treated  and  untreated  study  sites  in  lalang. 


less  than  that  of  the  untreated  throughout  the  entire  time  of  the 
study.  In  general,  the  dimethoate- treated  line  follows  the 
pattern  as  that  of  the  control,  but  at  a  reduced  level.  ANOVA  shows 
the  differe^e  to  be  significant  (p  <0.0I).  The  differences  were 
also  significant  of  each  of  the  sanpling  dates  for  which  sampling 
was  possible.  There  was  also  a  significant  difference  (p  <0.01) 
betwron  the  control  and  treated  areas  for  entrapment  rates  of  this 
species;  as  this  was  due  to  higher  rates  in  the  treated  area,  it  does 
not  reduce  the  significance  of  the  difference  in  chigger  carriage. 

A  similar  picture  was  shown  by  the  chigger  counts  on  R. 
argent iventer  at  the  same  sites.  For  this  species  the  chigger 
nunbers  were  significantly  lower  on  rats  from  the  treated  area 
(p  <0.0S)  and  there  was  no  significant  difference  in  the  entrapment 
rates  for  the  control  and  treated  areas,  TTiere  were  no  significant 
differences  between  control  and  treated  areas  in  either  the 
re-entrapment  rate  or  the  chigger  load  whether  the  interval  between 
first  and  second  trapping  was  one  or  two  days. 

• 

Ccmplete  control  was  not  obtained  due  to  the  constant 
imnigration  of  new  rodents,  as  indicated  during  trapping  by  the 
collection  of  new  un-marked  rodents  having  large  numbers  of  chiggers. 
As  the  lalang  does  not  offei  .ui  abundance  of  food,  rodents  often 
range  (^ite  a  distance  causing  frequent  re-introduction  of  new 
chiggers. 

The  food  consumption  within  the  lalang  study  sites  remaineti 
(^ite  constant  throughout  the  study.  The  daily  consumption  of  bait 
ranged  from  1.51  to  2.3  gm  per  station  with  an  average  of  1.96  gm 
per  day. 

Oil  Palm  Habitat 

"Hie  average  number  of  chi^ers  per  R.  tiomanicus  trapped  from 
the  oil  palm  habitat  is  shown  in  Figure  T2.  A  considerable  amount 
of  fluctuation  can  be  noted  in  the  first  few  months  of  the  trial, 
but  a  reduction  of  the  number  of  chiggers  collected  from  the 
treated  area  occurred  during  the  January  collection  and  continued  to 
^ow  throughout  the  study.  This  reduction  occurred  even 
though  this  was  the  wet  season  and,  under  normal  circumstances,  the 
nunbers  would  have  been  expected  to  increase,  as  occurred  in  the 
control  collections. 

ANOVA  showed  the  chigger  load  on  rats  from  the  treated  area  to 
be  significantly  lower  (p  <0.0l)  than  on  those  from  the  control 
area.  The  differences  were  also  significant  on  7  of  the  12  siunpling 
dates  on  which  comparison  was  possible. 

compares  the  average  number  of  chiggers  collected  per 
black  plate  within  the  treated  anil  untreated  oil  palm  ureas. 

IXiring  the  initial  4  months  of  the  study,  the  number  of  chiggers  per 


1)44 


black  plate  fran  the  troat(.\)  area  teivled  to  follow  a  similar 
pattern  to  that  of  the  imticateil  area  The  mmber  of  chiggers  per 
black  plate  dropped  considerably  after  l)eceiT*>er,  with  the  level 
approaching  zero  during  imich  of  the  remaining  time. 

ANOVA  showed  that  the  black  plate  yield  from  chigger  foci  in 
the  treated  area  to  be  significantly  lower  (p  <0.01)  than  the  yield 
from  those  in  the  control  area,  despite  the  environmental  effects 
of  the  chigger  population  of  both  areas. 

Although  a  large  food  source  was  available  in  the  form  of  oil 
palm  fruit,  an  equally  good  acceptame  of  bjjit  in  comparison  to 
the  lalang  study  site  was  nottxl.  The  daily  consumption  per  station 
ranged  from  1.23  gm  to  5.22  gm,  with  an  average  of  2.56  gm. 


TKOMBICUl.il)  MITE  tXlUlNlES 

Two  colonies  of  infecttxl  vector  chiggers  are  continuing  to  Ite 
maintained  by  the  Department  of  .Varology.  The  infected  colony  of 
L.  Q..)  fletcheri,  currently  in  its  2'’th  generation,  was  collectcvl 
Trom  a  lalang  field  near  KamjHing  Jenderara,  Peninsular  Malaysia.  The 
L.  (L.)  arenicola  infected  colony,  in  its  I4th  generation,  was 
collected  under  vegetation  along  a  sandy  beach  near  Mersing, 
Peninsular  Malaysia. 

The  transovarial  and  transtiulial  infections  of  both  colonies 
have  been  studied  in  detail  (58;  45).  Additionally,  these  colonies 
along  with  uninfected  colonies  of  the  same  species  have  been  ust\l 
in  transmission  studies  ami  stmlies  of  their  life  cycles  113;  40; 
60). 


Characterization  of  R.  tsutsugamushi  orgiinisms  existing  in  22 
lines  of  the  25th  generation  of  the  1 .  (1.)  f letcheri  colony  ami 
23  lines  of  the  13th  generation  of  the  L.  (L.)  arenicola  colony 
has  been  initiatevl.  (See  Characterization  of  Strains  of  R. 
tsut^aiBLishi  Present  in  Infectevl  Laborator>’-Reared  L.  (LT) 
arwicola  and  L.  (L.)  fletcheri  Chiggers).  Additionally,  both  the 
infected  and  uninfected  colonies  have  been  used  to  supply  specimens 
to  WRAIR  for  electron  microscoj>y  stmlies  .ami  vaccine  testing. 

During  the  past  reporting  jx'ricKl  over  200  adults  have  been  reaixxl, 
tested  for  R.  tsutsugamushi  infect ivity  ami  shipped  to  WRAIR. 


PERSISTENCE  AND  REACIIVAIHIN  OF  R,  TSUTSUGAMUSHI  INFECTIONS 

IN  laroratoRT  mice 


Previous  studies  on  rodents  suggest  that  persistent  or  dormant 
R.  tsutsugam^hi  infections  may  be  comnon  (17).  In  eivlemic  areas, 
a  large  portion  of  wild  rodents  have  yield^  isolates  from  blood 
and/or  tissue  pools.  Occurrence  of  R.  tsutsugamushi  organisms  in 
lyji^h  nodes  of  a  patient  infected  1-1  years  before  was  described  by 
Smadel  et  al.  (49). 

This  study  was  designed  to  determine  the  existence  of  dormant 
infections  in  mice  experimentally  infected  with  R.  tsutsuganushi  and 
the  reactivation  of  such  infections  by  inoculating  the  mice  with  a 
heterologous  strain  of  R.  tsutsugamushi;  by  infecting  the  animals 
with  a  non-rickettsial  organism,  Plasmodium  berghei ;  and  by 
introducing  an  immunosuppressant. 

A  lai^e  number  of  ICR  mice  were  infected  with  the  avirulent 
strain  of  TA678.  Several  tests  were  performed  to  insure  that  the 
mice  were  infected  solely  with  the  TA678  strain.  A  group  of 
glycogen-treated  (45)  mice  were  infected  with  the  inoculum,  and 
thrice  weekly  for  4  weeks,  peritoneal  exudates  from  3  mice  were 
collected  and  examined  for  the  presence  of  rickettsial  organisms 
using  the  fluorescent  antibody  (FA)  technique.  Peritoneal  cells 
prepared  from  infected  mice  4  to  23  days  post-inoculation  contained 
rickettsiae  which  reacted  only  with  anti-TA678  serum.  In  addition, 
10  normal  mice  were  infected  with  the  inoailum,  and  after  28  days, 
were  challenged  with  a  lethal  dose  (10^  MLD50)  strain. 

All  animals  survived  the  challenge.  Another  10  normal  mice  were 
given  the  inoculvnn,  and  they  were  bled  individually  from  the 
retrorbital  plexus  on  a  weekly  basis  to  measure  the  presence  of 
antibody.  C^ly  TA678  antibodies  were  detected  post-inoculation. 

The  titration  of  the  inoculum  in  mice  showed  MLDr«  of  <10'^*^  and 
MIDjq  of  10-6.4. 

Ten  randomly  selected,  infected  mice  were  serially  bled  on  a 
monthly  basis  to  record  their  antibody  titers.  The  maximum  titers 
of  1/25  were  reached  on  day  14  post -inoculation,  and  after  day  90, 
the  titers  were  at  1/5.  After  8)  months  post-infection  idien  the 
antibody  titers  had  fallen  below  1/5,  10  mice  were  bled,  and  the 
blood  from  each  mouse  was  inoculated  into  normal  mice  to  determine 
the  presence  of  rickettsemia  (5).  Suspensions  of  liver,  spleen, 
kidney,  and  lymph  nodes  from  the  same  animals  were  inoculated  into 
other  normal  mice  to  detect  the  presence  of  persistent  organisms 
(5).  All  blood  samples  were  negative,  whereas  4/10  tissue  pools 
were  positive  for  rickettsiae.  At  19  months  post -infect ion,  10 
additional  mice  were  examined.  Although  none  of  the  mice  were 
rickettsemic ,  6/10  tissue  pools  contained  rickettsiae. 

The  remaining  mice,  infected  with  TA678  19  months  previously, 
were  divided  into  3  large  groups.  One  group  was  inoculated  with  the 


heterologous  TA586  strain,  a  second  with  P.  berghei ,  and  the  third 
group  vras  given  cyclophosphamide.  Thrice  weekly  for  3  weeks,  4 
mice  were  bled  and  each  of  the  4  sanples  was  inoculated  into  3 
glycogen-treated  mice.  When  sick  or  on  day  14,  mice  were  harvested. 
The  peritoneal  fluids  from  the  3  mice  were  pooled  and  processed  for 
examination  by  the  FA  technique.  A  suspension  prepared  from  blood, 
liver  and  spleen  from  select^  mice  was  inoculated  immediately  into 
other  glycogen-treated  mice  (2nd  passage).  Blood  and  tissues  from 
other  mice  were  stored  at  -70^0 .  The  peritoneal  fluids  from  the  2nd 
passage  mice  were  also  pooled  vdien  the  rodents  became  ill  or  on  day 
14  and  processed  for  examination  by  the  FA  technique.  The  results 
are  shown  in  Table  20.  In  the  group  of  mice  inoculated  with  the 
TC586  strain,  minimal  reactivation  of  TA678  organisms  was  seen  only 
after  the  2nd  passage.  However,  cyclophosphamide  reactivated  TA678 
infection  in  most  of  the  mice  tested,  and  all  rickettsanias  were 
apparent  in  the  first  mouse  passage.  There  were  no  organisms 
detected  in  peritoneal  fluids  from  mice  given  P.  berghei;  however, 
the  infectivity  of  the  inoculum  was  sufficiently  hign  that  no  mice 
survived  beyond  the  11th  day. 

This  study  demonstrated  the  persistent  nature  of  the  rickettsiae, 
being  present  in  tissues  19  months  post-infection.  In  addition, 
reactivation  of  the  dormant  organisms  occurred  by  subjecting  the 
infected  mice  to  subsequent  heterologous  infection  or  to  treatment 
with  an  immunosuppressant. 


EARLY  DETECriCW  OF  RICKETTSIA  TSHTSUGAMJSHI  IN  PERIPHERAL  MONOCYTE 
CULTURES  DERIVED  FRai  EXPERIMENTALLY  INFECTED  MONKEYS  AND  DOGS 

In  the  previous  report  (Walter  Reed  Army  Institute  of  Research 
Annual  Progress  Report,  1  October  1976  -  30  September  1977),  the  use 
of  the  monocyte  culture  technique  for  the  isolation  of  R. 
tsutsugamushi  from  experimentally  infected  monkeys  and  3ogs  was 
described .  Tn  this  first  series  of  studies,  cultures  were  examined 
on  days  9  through  16  only.  During  the  past  year,  a  second  series 
of  studies  was  conpleted  wherein  cultures  were  examined  after  2 
days. 


Two  coverslips  were  removed  on  different  days,  ranging  from  2 
to  16  days  of  culture.  One  coverslip  was  heat-fixed  and  stained 
with  the  Giemsa  technique,  while  the  other  was  fixed  in  acetone  for 
10  min  and  stained  with  fluorescein  conjugated  anti-R.  tsutsugamushi 
(Karp  strain)  rabbit  serum  (23).  The  test  was  controlled  by  using 
both  conjugated  normal  rabbit  serum  and  monocyte  cultures  prepared 
from  uninfected  control  animals. 

To  determine  the  infectivity  of  the  original  blood  samples  and 
the  fluid  components  in  the  monocyte  cultures,  0.2  ml  of  each 


specimen  was  inoculated  intraperitoneally  into  laboratory  mice 
(S'). 

Sera  were  collected  at  each  bleeding  and  tested  by  indirect 
immunof Increscent  technique  to  determine  the  homologous  antibody 
titers  (41). 

Rickettsial  organisms  were  identifiable  by  direct  fluorescent 
antibody  staining  of  peripheral  monocyte  cultures  prepared  from  all 
infected  animals  (Figure  14).  Although  organisms  could  sometimes 
be  observed  in  cultures  stained  after  only  2  days  incubation, 
rickettsiae  were  nearly  always  found  in  cultures  incubated  7  days 
or  longer.  Monocytes  derived  from  cynomolgus  monkeys  yielded  the 
most  consistent  results,  with  the  organisms  being  observed  in 
cultures  derived  from  animals  through  day  23  post- infection.  Dogs 
presented  a  more  sporadic  picture,  but  the  rickettsiae  were  seen 
throughout  the  same  time  span.  The  cultures  from  silvered  leaf 
monkeys  contained  fewer  intact  cells  and  more  extracellular 
organisms,  especially  during  the  peak  of  infection.  Rickettsiae 
could  be  isolated  from  the  media  of  cultures  containing  cells 
with  identifiable  organisms,  and  the  isolation  of  R.  tsutsugamushi 
in  monocyte  cultures  derived  from  infected  animals  corresponded 
with  isolations  from  the  blood  of  the  same  animals  using  the  mouse 
isolation  technique. 

Simultaneous  observations  of  Giemsa-stained  cultures 
demontrated  rickettsial-like  organisms;  however,  the  organisms 
were  easily  discemable  only  during  the  height  of  infection.  At 
other  times  when  the  rickettsiae  were  present  in  decreased  number, 
examination  of  Giemsa-stained  cultures  proved  more  difficult  in 
that  the  organisms  were  often  difficult  to  differentiate  from 
other  cellular  components.  Therefore,  the  use  of  direct 
immunofluorescence  was  the  much  preferred  technique  for  detecting 
the  rickettsial  organisms.  The  rickettsiae  did  not  stain  with 
normal  conjugate.  Uninfected  monocyte  cultures  did  not  show  any 
organisms  with  either  immunofluorescent  or  Giemsa  staining. 

Specific  antibodies  to  Karp  strain  developed  in  all  animals 
between  days  13-20  post-inoculation. 

The  standard  methods  for  isolating  rickettsial  organisms  are 
long  and  laborious,  often  requiring  a  ready  supply  of  various 
laboratory  animals.  The  use  of  monocyte  cultures  derived  from  the 
infected  host  as  a  means  of  isolating  rickettsiae  offers  several 
advantages  over  other  standard  methods.  The  time  required  for 
isolation  is  markedly  reduced.  The  technique  is  sinple  and 
inexp)ensive  in  that  the  need  for  maintaining  laboratory  animals, 
tissue  cultures  and  embryonated  eggs  is  eliminated.  The  organisms 
are  usually  recovered  in  pure  culture  without  having  been  grown  in 
cells  other  than  those  of  the  original  host.  The  latter  is  an 
important  consideration  in  the  isolation  of  organisms  which  may 
serve  as  potential  vaccines. 


The  success  in  detecting  R.  tsutsugamushi  organisms  in 
perij^eral  monocyte  cultures  derived  from  e]q}erimentally  infected 
animals  has  prcmipt^  us  to  apply  this  methodology  to  the  isolation 
of  R.  tsutsugamushi  from  human  scrub  typhus  patients.  Currently 
a  study  is  in  progress  to  evaluate  the  efficiency  and  sensitivity 
of  this  culture  technique. 


aiNICAL  RESPONSES  OF  SILVERED  LEAF  MONKEYS  TO  INFECTION 
WITH  SELECTED  STRAINS  OF  RICKETTSIA  TSDTSIIGAMUSHI 

Extensive  studies  of  Rickettsia  tsutsugaimishi  isolates 
recovered  from  human  beings,  mites  and  small  mamnals  throughout  the 
scrub  typhus  endemic  area  have  clearly  demonstrated  the  antigenic 
diversity  of  the  organism. 

In  addition  to  antigenic  variation,  strains  of  R.  tsutsugamushi 
can  differ  in  their  virulence  for  various  laboratory  animal*;- 
Robinson  et  al.  (42)  experimentally  infected  silvered  leaf  monkeys 
with  5  strains  selected  on  the  basis  of  varying  virulence  in  mice. 
Their  data  showed  that  strains  avirulent  for  mice  produce  little  or 
no  disease  in  monkeys,  vdiereas  monkeys  inoculated  with  mouse 
virulent  strains  developed  signs  of  disease  compatible  with  the 
human  infection. 

The  5  strains  examined  in  the  above  study  represented  a  portion 
of  9  strains  currently  used  in  this  laboratory  for  diagnostic  and 
epidmiological  studies.  The  study  described  here  was  undertaken  to 
examine  the  response  of  silvered  leaf  monkeys  to  the  4  remaining 
strains  and  was  designed  to  allow  for  direct  conparison  with  the 
study  reported  by  Robinson  et  al.  (42). 

The  silvered  leaf  monkeys  (Presbytis  cristatus)  were  purchased 
from  Malaysian  Livestock  Exporters  (Petal ing  Jaya,  Selangor, 

Malaysia) .  The  monkeys  were  maintained  as  recommended  by  Walker  et 
al.  (58). 

(Xitbred  ICR  mice,  16  to  20g,  were  obtained  from  the  Division 
of  Laboratory  Animal  Resources  of  the  Institute  for  Medical  Research. 

The  4  strains  used  were  TC586,  TA716,  TA763,  and  TH1817,  all 
of  which  were  isolated  in  Thailand  (42).  The  se^  materials  were 
prepared  in  embryonated  hens'  eggs  (SPAFAS,  Norwich,  Conn.)  and 
stored  at  -196C.  For  inoculation,  the  stock  solutions  were  diluted 
to  the  desired  concentration  in  Snyder  I  diluent  (2).  The  2  doses 
given  were  approximately  lOb  and  lO^  mouse  infectious  dose  (MIDcq) . 
Each  animal  was  inoculated  intradermally  with  0.05  ml  on  the  medial 
surface  of  the  left  thigh. 


i 


I 


pie, animals  were  observed  daily  for  clinical  manifestations, 
^  the  venous  blood  was  collected  at  selected  times  to  determine 
the  white  blood  cell  (WBC),  red  blood  cell  (RBC),  and  differential 
counts,  and  packed  cell  volumes. 

Virulence  in  Wee;  The  seed  suspensions  of  the  4  strains  were 
^trated  in  mice  concurrently  with  the  inoculations  in  monkeys, 
pie  virulOTce  of  the  TA763  strain  was  similar  to  that  seen  with  the 
Karp  strain,  being  highly  lethal  for  mice.  On  the  other  hand,  TA716 
strain  was  rarely  lethal  but  iimunized  the  animals  with  no  signs 
of  disease.  The  TC586  and  TOlSn  strains  were  of  intermediate 
virulence  between  the  above  2  strains. 

Viiulem:e  in  ^brAeys:  Responses  in  silvered  leaf  monkeys  are 
sunmariz)^  in  Table  21.  Febrile  responses  (>103. 2°?)  wre  observed 
2  nionkeys:  for  1  day  in  an  animal  receiving  lO®*!  MIDcn  of 
TA716;  and  for  5  days  in  a  monkey  given  10*^ >7  MID50  of  TCS86. 
^gional  l^hadenopathy  was  noted  in  animals  rec^ving  the  higher 
doses  of  the  smins,  but  no  eschars  developed  in  any  aninals.  One 

"P50  of  died  26  days  pist-inoculation. 

but  death  could  not  be  definitively  associated  with  the  infection. 

Hg^ology  Results:  In  all  cases,  leukopenia  developed  between  days 
"4®”“  post-inoculation.  Otherwi;e,  the  results  were  unremarkable 
mien  coitkpared  with  the  control  animals. 

In  an  earlier  study  Robinson  ec  al.  (42)  observed  that  the 
severity  of  disease  in  silvered  leaf  monkeys  experimentally 
iirfected  with  varies  strains  of  R.  tsutsugamushi  was  related  to 
t  e  virule^e  of  the  strains  in  mTce^  TH~monl(eys  inoculated  with 
mouse  virulent  strains,  clinical  and  hematological  signs  were 
evident,  whereas  the  monkeys  inoculated  with  mouse  avirulent 

noted.  In  the  current  study,  using 
different  strains,  a  correlation  between  virulence  in  mice  and 
virulence  in  silvered  leaf  monkeys  was  not  observed.  TA763  strain, 
for  instance,  is  similar  to  the  Karp  strain,  in  that  both  are 
serologicaUy  related  and  both  are  virulent  for  mice.  However,  Karp 
monk^s,  TA763  is  not.  TA716  and  Karp  strains  are  ^ 
serologically  related,  but  TA716  has  very  low  virulence  for  both 
and  moneys.  In  addition,  TCS86  and  Gilliam  strains  are 
serologically  indistinguishable  and  have  similar  virulence 
propemes  in  mice.  Nevertheless,  TC586  does  not  produce  the 
ej^ted  disease  that  Gilliam  does  in  monkeys.  Recently,  Groves 
et  al.  (18)  teve  demonstrated  the  susceptibility  and  the 

strains  of  both  outbred  and  inbred  mice  to 
fart  T-  ^sutsugarmshi .  This  finding  substantiates  the 

tJ  derived  from  one  animal  cannot  be 

made  to  another  animal,  or  even  within  the  same  animal  species. 


Table  21.  Responses  of  silvered  leaf  monkeys  to  ID  inoculation  of 
selected  strains  of  Rickettsia  tsutsueanushi 


misi? 


No.  with 
Fever  (Day)** 

No.  with 
Lynqphadenopathy 

No.  with 
Eschar 

1  (19-22,25) 

2 

0 

0 

2 

0 

1  (16) 

1 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

1 

0 

0 

2 

0 

No.  with 

Rickettsemia (Day) *  * ' 


0  2  (4-28) 

0  2  (11-28) 

0  1  (4-28) 

0  2  (6,12-28;  12-28) 

0  2  (2-11;  2-25) 

0  2  (7-23;  9-21) 

0  2  (7-28) 

0  2  (9-28) 


Note:  Two  monkeys  were  inoculated  with  each  dose.  One  monkey  in  TA716 
6.1  MID50  group  died  on  day  3. 

*  Logic  "wuse  infectious  doses  by  the  IP  route. 

**  Days  post -inoculation  on  which  fever  occurred. 

***  Days  post-inoculation  on  which  rickettsemia  was  demonstrated. 


EXPERIMENTAL  R.  TSUrSlJGAMUSUI  INFECTIONS  IN  M3NKEYS 


The  susceptibility  of  monkeys  of  scrub  typhus  organisms  has 
been  reported  previously  (20;  25;  2b).  Silvered  leaf  monkeys  have 
been  used  in  this  unit  for  experimental  infections  with  different 
R.  t^tsugamishi  strains  (42;  59),  but  results  of  some  studies  (59) 
are  difficult  to  interpret  due  to  simultaneous  inoculations  with 
nultiple  strains. 

Experimental  infections  induced  by  intradermal  (ID) 
inoculations  of  both  silv^ered  leaf  and  cynomolgus  monkeys  with 
Karp,  Gilliam,  and  Kato  strains  have  been  reported  (Walter  Reed 
Array  Institute  of  Research  Annvial  Progress  Report,  1  October  1976  - 
30  September  1977).  The  Gilliam  strain  was  the  most  virulent  of  the 

3  strains  in  both  species  of  monkeys.  Cienerally,  both  monkeys 
reacted  similarly,  but  there  were  2  significant  differences: 

(1)  death  occurred  in  Gill i:un- infected  silvend  leaf  monkeys,  while 
there  were  none  in  cwtraiolgus  monkeys;  and  (2)  the  antibody  responses 
in  cynomolgus  monkeys  were  greater  th;in  in  silvered  leaf  monkeys. 

A  limited  study  was  performixl  to  determine  the  effect  of 
infecting  the  2  species  of  monkeys  intravenously  (IV)  with  mouse 
virulent  (10^  M1-Dc,q  of  Karp  'Strain)  and  mouse  avirulent  (10^  MID^q 
of  TA686  strain)  strains.  All  monkeys  infected  with  the  Karp 
strain  showed  systemic  signs  before  dying.  In  the  case  of  TA68b 
infections,  clinical  numifestations  were  less  evident  than  in  Karp 
infections,  and  the  only  deaths  which  occurred  were  in  2  of  3 
silvered  leaf  monkeys. 

Surviving  silver^l  leaf  monkeys  from  various  studies  were 
reinfecteii  ID  with  10^***  MID^o  of  the  Gilliam  strain,  and  their 
responses  were  noted.  iTie  silvered  leaf  monkeys  included  those 
infected  10  months  previously  with  Karp,  Gilliam,  and  Kato  strains; 
those  infected  7  months  earlier  with  TC58b  and  TH1817  strains;  anti 
those  infected  4  months  previously  with  TAb86  ami  TA716  strains. 
Unfortimately,  the  nimbers  were  small  (14).  Three  monkeys  infected 

4  months  previously  aixl  one  7  months  earlier  had  low  but  existing 
antibody  titers  to  their  respective  infecting  strains  at  the  time 
of  challenge.  The  monkeys  infected  previously  with  TC58b 
demonstratevl  regional  lyraphadenopathv  only.  TC58b  strain  is 
serologically  relatetl  to  the  Gilli.am  strain.  In  contrast,  those 
previously  infecteil  v  ith  nil817  developet.1  fever,  lymplvidcnopathy, 
eschar,  and  2  of  3  aninuils  died.  In  other  animals  infected  4  arxl 
10  months  previously,  the  resjxjnsos  varietl  juxl  covild  not  be 
correlated  with  either  prior  infevting  strain  or  presence  of 
antibexiies. 

Greater  mmibers  of  cynomolgus  nwnkeys  were  available  for  the 
reinfection  study.  The  animals  had  Iwcn  infectcxl  5  to  22  months 
earlier  with  one  of  the  following  strains:  Gilli;un,  Karp,  Kiito  or 
TA68b.  All  monkeys  inITx-ttxi  5  to  nwnths  prior  to  reinfection 


as  well  as  those  infected  pieviously  with  the  Gilliam  strain, 
regardless  of  the  duration  between  primary  infection  and 
reinfection,  possessed  low  antibody  titers.  In  this  study,  animals 
were  divided  into  2  groups,  one  being  challenged  ID  and  the  other 
rv  with  lO^'S  MIDcq  of  the  Gilliam  strain.  All  ID-challenged 
animals  demonstrated  regional  lynphadenopathy  and  eschar  formation 
without  any  correlation  to  the  presence  of  antibody  or  to  the 
strain  conprising  the  initial  infection.  Those  challenged  IV 
showed  varied  responses,  with  most  developing  either  fever  and/or 
lynphadenopathy.  There  were  no  deaths  among  the  challenged  animals. 

In  both  species  of  monkeys  previously  infected  with  either 
Gilliam  or  TC586  strain,  only  homologous  antibody  responses  were 
evident  upon  challenge  with  the  Gilliam  strain.  However,  in 
monkeys  previously  infected  with  the  other  strains,  reinfection 
with  the  Gilliam  strain  elicited  a  heterologous  response.  In  these 
animals,  antibodies  to  Karp,  Kato,  TA686,  TA716,  and  TA763  as  well 
as  Gilliam  were  dononstrated. 


BREEDING  CYNCMDLGUS  MDNKEYS  IN  CAPTIVITY  FC«  USE  IN  SCRUB 
TYPHUS  RESEARCH:  A  FEASIBILITY  STUDY 

Background:  An  important  segment  of  the  scrub  typhus  research 
program  is  the  development  of  an  intermediate  animal  model  for  the 
disease.  To  this  end  2  species  of  primates,  the  silvered  leaf 
monkey  (Presbytis  cristatus)  and  the  cynomolgus  monkey  (Macaca 
fascicularis') .  have  been  studied.  Based  on  acquisition, 
maintenance  in  the  laboratory,  and  response  to  infection,  young 
cyncMiDlgus  monkeys  are  the  most  acceptable  for  large  scale  studies. 

Since  many  adult,  wild-caught  cynomolgus  monkeys  have  antibody 
to  Mckettsia  tsutsugamushi  (59) ,  it  is  apparent  that  this  animal 
is  frequently  exposea  in  its  natural  habitat.  To  establish  a 
baseline  for  evaluation  of  the  cynomolgus  monkey  as  a  model  for 
scrub  typhus  and  to  define  parameters  for  selection  of  wild  caught 
animals  for  laboratory  studies,  the  requirement  for  colony- reared 
animals,  free  from  exposure  to  R.  tsutsugamushi ,  became  essential. 
To  meet  this  requirement  and  to  evaluate  the  feasibility  of 
breeding  cynomolgus  monkeys  in  captivity,  a  small  breeding  colony 
of  cynomolgus  monkeys  was  established. 

Materials  and  Methods:  The  colony  consisted  of  2  groups  of  monkeys 
each  containing  10  females  and  1  male.  Group  Number  1  was 
established  in  September  1975  and  group  Number  2  was  established  in 
February  1976.  The  animals  were  all  wild  caught  and  were  subjected 
to  a  6  month  period  of  conditioning  and  compatibility  testing  prior 
to  final  grouping.  IXiring  the  conditioning  period  each  monkey  was 


wormed  twice  with  Levamisole  (Nemicide,  Imperial  Chemicals  Industries 
Ltd)  and  received  5  tuberculin  tests.  Subsequent  to  establishment 
of  the  colony,  the  monkeys  were  tuberculin  tested  every  6  months. 

A  commercial  monkey  chow  was  provided  ad  libitim. 

The  breeding  building  was  constructed  of  wood  support  posts 
with  walls  of  2"  x  2",  14  gauge  wire  mesh  and  zinc  sheet  roofing. 

The  floor  plan  provided  4  separate  rooms  (2  on  each  side  of  the 

building)  8  feet  wide,  IS  feet  long  and  7  feet  high.  There  was  a 

door  separating  the  rooms  on  each  side  which  could  be  permanently 
opened  to  provide  a  space  of  8  feet  wide  by  30  feet  long.  In 

addition,  there  was  a  working  area  which  was  9  feet  by  22  feet 

which  also  served  to  house  individual  cages  idicn  necessary.  The 
floor  was  a  poured  concrete  slab. 

Three  different  caging  systems  for  nursing  mothers  and  their 
offspring  were  evaluated.  One  method  was  to  allow  the  nursing 
mother  and  baby  to  remain  in  the  breeding  room  with  the  rest  of  the 
group  and  remove  the  baby  once  it  had  been  weaned.  Another 
technique  was  to  place  the  female  ana  nursling  in  a  separate  wire 
mesh  cage  (approx.  2'  x  2'  x  2')  within  the  breeding  room  shortly 
after  parturition.  This  techniqvje  enabled  the  mother  to  maintain 

association  with  her  original  breeding  group  but  prevented 
fighting  tetween  the  mother  and  other  members  of  the  group.  A  third 
system  vdiich  was  used  toward  the  end  of  the  nursing  period  was  to 
place  the  mother- infant  pair  in  a  2  part  cage  vdiich  allowed  the 
infant  to  crawl  through  a  small  opening  aixl  obtain  food  undisturbed 
by  the  mother.  Once  the  infant  was  completely  weaned  it  was 
removed  and  the  mother  was  returned  to  the  breeding  group. 

Complete  records  were  miintained  on  all  of  the  animals  which 
included  dates  infants  were  born,  weaning  dates,  tuberculin  tests, 
conplete  medical  histories  and  necropsy  reports.  In  addition,  all 
of  the  offspring  were  weighed  once  a  month,  tooth  eniption  patterns 
were  rworded  and  blood  was  drawn  for  evaluation  which  included 
determinations /or  hematocrit,  hemoglobin,  WBC,  RBC,  thromboc>'te 
count,  differential  count  and  erythrocyte  sedimentation  rate. 

The  colony  has  renviined  in  continuous  operation  since  its 
inception  in  1975  except  for  a  period  of  4  months  from  Decaliter 
1976  to  ^ril  1977  when  all  of  the  animals  were  housed  in  separate 
cages  which  was  necessitated  by  a  requirement  to  chimge  the 
location  of  the  colony. 


P^uction:  From  the  inception  of  the  project  in  September  19"’5 
through  September  1978,  the  total  production  for  group  No.l  has  Ix^en 
22  babies  (13  males  ami  !)  fenwles).  Of  the  22  offspring  1  wjis 
stillborn,  5  died  during  the  nursing  period,  9  are  still  nursing  ;uxi 
7  have  been  weaned.  The  average  tiriK'  required  for  weaning  wjis  248 
days  with  an  .average  weight  at  weaning  of  1.028  kg.  for  females  and 
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.837  kg  for  males.  Of  the  10  breeder  females,  4  have  produced  3 
offspring  each,  5  of  the  females  have  produced  2  offspring  each  and 
one  of  the  females  has  remained  barren  throughout  the  project.  The 
average  tiro  fron  availability  for  mating  until  parturition  for 
these  22  birt^  was  198  days.  Counting  a  171  day  pregnancy  (21) 
the  average  time  in  the  colony  for  conception  to  take  place  was 
approximately  27  days.  The  compatibility  of  the  breeder  animals  has 
remained  generally  good  throughout  the  project  and  no  aninals  have 
beoi  replaced. 

Group  2  vhich  was  started  in  February  of  1976  has  produced  a 
total  of  15  babies  (10  males  and  5  females) .  Of  this  total  1  was 
stillborn,  4  died  during  the  nursing  period,  4  are  still  nursing  and 
6  have  been  weaned.  The  average  time  required  for  weaning  was  231 
days,  with  an  average  weight  at  weaning  of  .877  kg.  for  males  and 
.810  kg.  for  females.  One  of  the  breeder  females  has  produced  3 
offspr^,  3  have  produced  2  offspring  each  and  6  have  produced  one 
offspr^  each.  Ihe  average  time  fran  availability  for  mating  to 
parturition  for  these  15  births  was  238  days  with  an  average  of  67 
days  required  time  for  conception  as  described  in  the  previous  group. 
This  ^up  experienced  considerable  compatibility  problems  when  it 
first  formed.  The  male  and  7  of  the  females  were  replaced  during 
the  first  year  of  breeding.  As  a  result  of  these  problems  only  3 
offspring  were  produced  prior  to  the  4  month  period  when  the  animals 
were  housed  individually.  When  the  colony  was  reunited  in  April  of 
1977  the  group  conpatibility  was  similar  to  that  described  for  group 
Jkanber  1  and  the  remainder  of  the  offspring  of  group  Number  2  were 
produced  after  April  of  1977. 

Weaning  Tectoiques :  Allowing  the  nursing  mother  and  baby  to  remain 
in  the  breeding  room  with  the  rest  of  the  group  was  the  least  time 
consuni^  technique  for  maintenance  personnel;  however,  this  resulted 
in  considerably  more  fighting  in  the  group  as  a  vdiole  and  injuries 
were  often  sustained  by  the  newborn  infant.  Four  deaths  resulted 
frOT  trauna  inflicted  on  the  newborn.  As  a  result  of  this  experience 
this  technique  was  abandoned  and  none  of  the  offspring  were  weaned 
by  this  method. 


To  eliminate  the  fighting  problem  the  second  system  was 
initiated  which  utilized  an  individual  cage  inside  of  the  breeding 
room.  Sixteen  animals  were  weaned  using  this  method  and  the  average 
time  required  for  weaning  was  242  days.  This  system  eliminated  much 
of  the  fighting  and  no  infant  deaths  were  attributed  to  trauma  while 
It  was  enployed.  The  third  system  utilizing  the  two  part  cage  which 
allows  the  infant  access  to  food  without  the  interference  of  the 
mother  was  initiated  because  it  was  noted  that  often  the  mother 
^ame  a  hindrance  to  the  weaning  process  and  would  not  allow  the 
want  to  eat  even  though  it  showed  interest  in  trying  to  eat  on 
^s  ow.  This  syst^  was  us^  after  the  mother/infant  pair  had  been 
housed  in  the  breeding  room  in  an  individual  cage.  Five  animals 
have  been  weaned  using  this  technique  and  the  average  time  for 
weaning  was  215  days. 


Vteifiht  Gains:  The  mean  aijd  stajidard  deviation  for  weight  recorded 
once  per  month  is  sunmarized  in  Table  22. 

Tooth  Development:  The  mean  and  standard  deviation  in  days  for 
dec idious  tooth  eruption  is  given  in  Table  23.  Information  is 
given  separately  for  males  and  females.  Since  dentition  was 
observed  only  once  per  month  these  figures  can  only  be  considered 
accurate  to  within  30  days. 

The  mean  and  standard  deviation  in  days  for  the  perman^t 
dentition  observed  up  to  Septentoer  1978  is  given  in  Table  24. 
Information  format  is  the  same  as  that  for  the  decidious  dentition. 

Homatology:  Hematological  data  is  still  under  evaluation  and  will 
BeTeport^  at  a  later  date. 


THE  USE  OF  TETRACYCLINE  TO  CONTROL  CANINE  EHRLICHIOSIS 

Canine  ehrlichiosis,  which  is  caused  by  the  rickettsial 
organism,  Ehrl ichia  cani: .  *  ^een  shown  to  be  a  devastating 

disease  among  police  and  military  dogs,  particularly  in  Southeast 
Asia  (9;  50;  61;  62). 

Amyx  et  al.  Cl)  showed  that  etracycline  given  at  the  rate  of 
30  mg/lb/day  will  cause  remission  of  the  signs  of  ehrlichiosis  in 
dogs  treated  during  the  early  stages  of  the  disease,  but  in  these 
studies  2  of  15  dogs  so  treated  remained  carriers.  These  same 
workers  found  that  low  levels  of  tetracycline  (3  mg/lb/day) 
rendered  dogs  refractory  to  infection  with  ^rl ichia  canis  (1). 
Military  dogs  placed  on  daily  prophylactic  doses  (5  tng/lb/day)  of 
tetracycline  may  be  expected  to  perform  their  duties  in  an  endemic 
area  without  developing  the  disease  (10;  63);  however,  during 
sustained  training  an*.l  operations,  or  under  numerous  other 
conceivable  circumstances,  the  daily  administration  of 
tetracycline  may  be  interrupted. 

In  the  absence  of  available  diagnostic  support, personnel 
responsible  for  the  care  of  military  dogs  may  feel  impelled  to 
therapeutically  treat  every  dog  where  there  is  suspicion  that 
prophylaxis  may  have  been  interrupted.  This  has  a  number  of 
disadvantages:  (1)  although  the  cost  of  tetracycline  may  not  always 
be  significant,  the  cost  of  the  drug  has  interfered  with  its  use 
in  military  dog  units  of  a  number  of  allied  forces;  (2)  in  an 
active  military  dog  unit  some  dogs  may  be  on  therapeutic  levels  of 
tetracycline  almost  continuously;  (3)  the  maintenance  of  records 
may  become  impossible  in  an  active  unit;  (4)  some  dogs  would 
undoubtedly  be  required  to  go  on  training  or  operational  exercises 
while  on  therapeutic  tetracycline,  and  suspected  breaks  in 


Table  22.  Average  weight  of  cynomolgus  monkeys  bom  and  raised  in 
captivity. 


Age 

(months) 

Sex 

Mean  (N)* 

Standard 

Deviation 

Age 

(months) 

Sex 

Mean  (N) 

Standard 

Deviation 

0-1 

M 

.315  (22) 

.056 

12-14 

M 

1.175  (11) 

.096 

F 

.327  (13) 

.055 

F 

1.150  (8) 

.083 

1-2 

M 

.394  (21) 

.073 

14-16 

M 

1.194  (11) 

.145 

F 

.390  (12) 

.066 

F 

1.212  (8) 

.108 

2-3 

M 

.467  (19) 

.084 

16-18 

M 

1.271  (11) 

.157 

F 

.496  (12) 

.100 

F 

1.300  (8) 

.095 

3-4 

M 

.532  (17) 

.082 

18-20 

M 

1.405  (9) 

.104 

F 

.611  (9) 

.118 

F 

1.389  (7) 

.162 

4-5 

M 

.612  (17) 

.101 

20-22 

M 

1.468  (9) 

F 

.663  (10) 

.120 

F 

1.426  (8) 

5-6 

M 

.659  (16) 

.082 

22-24 

M 

1.503  (6) 

.093 

F 

.759  (8) 

.142 

F 

1.531  (9) 

.205 

6-7 

M 

.710  (14) 

.102 

24-26 

M 

1.598  (6) 

.123 

F 

.818  (10) 

.132 

1.741  (7) 

.130 

7-8 

M 

.799  (13) 

.104 

26-28 

19 

1.701  (3) 

.104 

F 

.839  (6) 

.133 

F 

1.717  (8) 

.133 

8-9 

M 

.869  (9) 

.087 

F 

1.027  (5) 

.097 

28-30 

F 

1.848  (5) 

.172 

9-10 

M 

.921  (4) 

.156 

F 

1.023  (7) 

.083 

30-32 

F 

1.911  (5) 

.165 

10-11 

M 

.968  (9) 

.148 

F 

1.083  (5) 

.082 

32-34 

F 

1.939  (3) 

.147 

11-12 

M 

1.046  (6) 

.136 

F 

1.130  (5) 

.043 

*  Weight  in  kg.  (l^ber  of  animals  observed) 


Table  23.  Age  vdien  decidious  dentition  was  noted. 


Me 

lies 

Females 

Mean  (N)* 

Standard 

Deviation 

Mean  (N) 

Standard 

Deviation 

maxilla 

17 

WSBM 

11 

mandible 

33  (20) 

17 

11 

I2  maxilla 

49  (20) 

1 

17 

■HH 

mandible 

42  (20) 

19 

12 

C  maxilla 

92  (20) 

20 

78  (11) 

13 

mandible 

92  (20) 

20 

76  (11) 

17 

Ml  maxilla 

97  (20) 

18 

78  (11) 

13 

mandible 

97  (20) 

20 

78  (11) 

13 

M2  maxilla 

178  (14) 

30 

153  (10) 

23 

mandible 

174  (15) 

24 

150  (10) 

24 

*Age  in  days  (number  o£  animals  observed) 


Table  24.  Age  when  permanent  dentition  was  first  noted 


Kbles 

Females 

Mean  (N)* 

Standard  ' 
Deviation 

Mean  (N) 

Standard 

Deviation 

maxilla 

579  (6) 

36 

520  (4) 

18 

mandible 

503  (6) 

30 

483  (4) 

41 

maxilla 

816  (1) 

- 

900  (3) 

51 

mandible 

816  (1) 

- 

895  (4) 

47 

I2  maxilla 

940  (1) 

- 

mandible 

940  (1) 

- 

*  Age  in  days  (number  oi  animals  observed). 


administration  would  further  complicnte  the  problem;  (5)  the 
frequent  therapeutic  rcRinK^s  nuiy  lead  to  side  reactions  which  would 
interfere  with  the  effectiveness  of  the  dog. 

Ikonerous  questions  arise  when  considering  the  consequences 
that  might  result  when  prophylactic  tetracycline  (3  ing/lb/day)  is 
administered  to  dogs  in  various  stages  of  the  disease: 

1.  Will  low  level  tetracycline  eliminate  rickettsemia  in  an 
infected  dog? 

2.  Will  low  level  tetracycline  eliminate  infections  from 
carrier  dogs? 

3.  What  is  the  effect  of  such  treatment  on  antibody  levels 
revealed  by  the  IFA  test  if:  (a)  the  organism  is  eliminated,  (b)  the 
organism  is  not  eliminated? 

4.  Would  dogs  vdiich  had  been  carriers  and  subsequently  were 
freed  from  infection  by  chemotherapy,  prove  to  be  imnune  to 
reinfection? 

5.  Is  this  protective  immunity  characterized  by  (a)  rejection 
of  the  infection,  (b)  infection  in  the  absence  of  henatologic  and 
clinical  signs  of  the  disease,  (c)  infection  with  hematologic 
abnormalities  in  the  absence  of  clinical  signs  of  the  disease, 

(d)  infection  with  henuitologic  and  clinical  signs  of  the  disease? 

6.  What  is  the  patteni  of  antibo».ly  responses  in  each  possible 
situation  cited  in  1-5? 

To  answer  these  questions  a  series  of  studies  was  undertaken 
wherein  prophylactic  tetracycline  (3  mg/lb/day)  was  initiated  during 
the  incubation  period  (3  &  7  days  ix)st-inoculation) ,  when  early 
signs  of  disease  had  developed  (14  days  PI),  ant.!  during  chronic 
infection  (60  days  PI).  The  isolate  used  in  the  studies  was 
recovered  from  a  dog  in  Negri  Sembilan,  Peninsular  Malaysia  (33). 
Prophylactic  tetracycline  was  administertxl  for  30  days.  To 
determine  rickettsemia,  blood  was  collected  from  each  dog  on  the 
day  of  initiation  of  treatment,  during  treatment,  and  following 
treatment,  and  was  inoculated  into  a  susceptible  dog.  After 
chemotherapy  was  terminateil  the  dogs  were  observed  for  signs  of 
disease  and  were  reinfcctc«.l  to  detennino  the  degree  of  resistance 
to  infection  or  disease.  Senmi  specimi'ns  were  collected  weekly 
from  all  dogs  in  the  stiuly  and  exmninixl  by  the  IFA  test  for  H. 
emtis  (39).  The  serological  tests  were  performixl  by  Ih'.  Miodrag 
Uistic ,  College  of  Veterinary  Medicine,  University  of  Illinois. 

Although  a  large  number  of  senim  sptvimens  remain  untestcxl  anil 
data  is  yet  to  he  analv.  eil,  some  generalizations  can  be  made 
regarding  the  findings:  (1)  3(i  days  of  Uw  level  tetracycline 


cleared  all  dogs  of  infection  regardless  of  the  time  tetracycline 
was  initiated;  (2)  signs  of  disease  in  dogs  started  on  tetracycline 
14  days  post-inoculation  disvippeared  rapidly  after  treatment  was 
initiated;  (3)  all  dogs  treated  3,  7  and  14  days  post-inoculation, 
and  cleared  of  the  infection,  were  fully  susceptible  to  infection 
and  disease  following  reinfa'tion,  indicating  that  no  imnunity  had 
developed;  (4)  dogs  treated  (K)  days  post- inoculation  and  cleared  of 
the  infection  were  susceptible  to  reinfection  but  showed  little  or 
no  clinical  signs,  iixlicating  that  some  uminity  to  disease  had 
developed;  (5)  transitory  antibody  responses  were  noted  in  all  dogs 
regardless  of  idien  tetracycline  therapy  was  instituted;  (6)  all  dogs 
which  were  reinfected  after  tetracycline  treatment  was  discontinued 
developed  high  antibody  titers  to  E.  canis. 


AUroMMIi:  DATA  PRCX:ESSING  (ADP)  system 

From  studies  initiated  in  early  1975  on  scrub  typhus  and  other 
fevers,  an  enormous  volume  of  clinical,  epidemiological,  serological, 
rickettsial  and  ecological  data  had  accumulated  by  mid-1976.  The 
original  concept  of  using  edge-punched  cards  for  data  recording  and 
analysis  was  overwhelmed  by  the  unexpected  level  of  success.  There 
are  currently  some  ll,tXX)  siibjects/patients  and  nearly  24,000  serum 
Sandies.  On  each  subject  there  is  baseline  demographic  and  social 
data  and  on  patients  there  is  additional  clinical  and  therapeutic 
data.  The  sheer  volume  and  the  varying  methods  of  data  recording 
make  current  analysis  impossible  without  ADP.  Consideration  was 
given,  therefore,  to  conversion  to  ADP.  After  detailed  assessment 
of  the  options  available  locally,  a  contract  to  purchase  the 
hardware  and  initial  software  was  signed  on  14  Nby  1977.  Systems 
analysis  and  the  initial  software  preparation  took  place  in  the  lag 
period  to  hardware  delivery  in  late  D^ember  1977.  As  this  was  the 
first  occasion  that  any  medically  orientated  system  had  been 
installed  within  Malaysia,  develojiment  was  entirely  from  first 
principles  and  custom  designed  to  unit  requirements. 

The  specific  requirements  of  the  system  involved  not  only  the 
capacity  for  relatively  massive  data  storage  and  manipulation  but 
also  a  high  level  of  flexibility  to  enable  the  completed  basic 
system  to  cope  with  changing  targets  and  needs  in  the  research 
context. 

The  system  is  supplied  by  DATA  GENERAL  through  a  local  agent 
and  consists  of  a  64  K-byte  central  processing  unit,  dasher,  3  x 
visual  display  unit,  2  x  10  M-byte  disc  units  (5  fixed  and  5 
removable  for  each),  1  x  9-track  tape  unit,  and  a  1  x  150  lines/min 
(nominal)  line  printer.  An  existing  teletypewriter  was  modified  and 
acts  as  a  fourth  in-put  terminal .  The  system  layout  is  shown 
diagrammatical ly  in  Figure  15. 


The  dasher  functions  as  system  control,  VDU's  for  interactive 
iiqxit/output,  the  TTW  currently  as  a  specifically  dedicated  input 
and  the  9- track  tape  unit  for  data  donating  etc. 

teta  Base  Description:  Data  base  organization  is  in  three  types  of 
data  files.  These  are  ..onsidered  briefly  below: 

1.  ^fain  Primary  Data  Files:  The  main  files  are  those 
considered  to  be  basic  to  the  type  of  research  conducted  by  the 
unit,  and  are  adaptable  towards  the  attainment  of  a  variety  of 
targets.  The  main  primary  data  files  include: 

A:  Lab.  animal  file.  Divided  into  two  operational  files 

A1  -  basic  origin  and  admin  data 

A2  -  recurrent  clinical  aiKl  experimental  data 

B:  Human  biochemistry  file 

C:  Chigger  direct  fluorescent  antibody  test  results 
E:  Environmental  data 

H:  (konan  file:  Divided  into  five  operational  files 

HI  -  basic  identification  and  social  data 
H2  -  clinical  data  opening  an  illness  spell 
H3  -  laboratory  data  at  opening  of  an  illness  spell 
H4  -  clinical/laboratory  data  ^ring  an  illness  spell 
H5  -  summary  diagnostic  and  treatment  data  closing  an 
illness  spell 

I:  Rickettsial  isolate  source  and  characterization 
M:  Indirect  fluorescent  antibody  test  results  (all  sources) 
N:  Rodent/chigger  data 

P:  Colony  chigger  pedigrees  (not  yet  designed) 

R:  Rickettsial  isolation  data  (mouse  inoculation) 

S:  Infectious  disease  serology.  Divided  into  two 
operational  files 

51  -  bacterial  and  protozoal  serology 

52  -  viral  serology  and  specimen  inventory 

U:  Chigger  collection  data 
V:  Collection  site  vegetation  data 
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IR:  Autcnatically  derived  sunmaiy  of  R  and  in  turn 
generates  basic  entry  for  I -if  isolate  positive. 

ZB:  Aniinal  blood  data.  Divided  into  two  operational 
files 

ZBl  *  haematology 
ZB2  -  biochemistry 

2.  Ancillary  Primary  Data  Files:  These  are  files  designed  for 
specific  projects  and,  vtfiile  being  used  in  the  same  way  as  main  data 
files  currently,  are  less  adaptable  to  alternative  targets. 

The  ancillary  primary  data  files  include: 

SUR:  A  general  survey  format  for  use  with  civilian  or 
military  population 

ALS:  A  coordination  file  for  antibody  longevity  or  other 
long-term  surveillance 

PUO:  A  summary  file  similar  in  content  to  H2-H5  but  less 
detailed.  For  use  with  old  nultiple  format  data  or 
low  intensity  or  uncontrolled  studies.  Divided  into 
two  operational  files. 

PUD  1  -  initial  clinical  and  laboratory  data 
2  -  intermediate  and  sunmary  data 

BM:  A  summary  file  for  the  varied  formats  used  in  the 
Bukit  Mendi  survey.  Suitable  for  future  similar  use 

JS:  Jengka  longitudinal  survey  file.  Divided  into  two 
operational  files 

INITIAL  -  base-line  data  at  the  first  cross-sectional 
survey 

REPEAT  -  data  at  all  subsequent  survey  points 

3.  ^ondary  Data  Files:  These  are  temporary  files  that 
consist  of  re-organizeii,  amalgamated,  transformed  and  derived  data 
fran  primary  files.  They  are  in  fix^  format  and  can  be  used  as  key 
files  for  further  extraction  from  primary  data  or  used  directly  for 
statistical  comparisons  and  other  appropriate  analyses.  These 
files  are  labelled  as  and  when  necessary. 

Dexription  of  Sof^are:  It  \s  not  possible  in  this  report  to  give 
other  than  an  outline  descript i<'n  of  the  software  that  executes  the 
functions  of  the  ADP  system  .•  ’  whole.  It  is  designed  to  use  two 

languages  and  to  cover  three  nroad  functions  considered  below: 


i 


V 


1.  liioic-  pn>gKims  are  in  a  variant  of  BASIC  and 
cover  the  functions  of  file  creation,  deletion,  amendment  and  listing 
by  various  options.  (Note:  in  this  context,  each  file  sub-division 
is  treated  as  a  sep;trate  file). 

2.  Manipulation;  These  programs  are,  with  occasional 
exceptions,  in  £he  same  variant  of  BASIC  and  carry  out  the 
function  of  creating  secondary  files  (using  a  large  series  of 
options)  from  one  or  more  primary  data  files.  These  secondary 
files  can  then  be  listed  or  labelled  and  held.  Certain  file  lists 
can  be  sunnarized. 

3.  Arolysis:  Some  simple  analysis  programs  (e.g.  one-way 
tabulation)  are  in  the  same  variant  of  BASIC,  but  most  analyses  and 
all  of  those  involving  mathematical  manipulation  are  in  FORTKAN  IV. 
These  analytical/statistical  programs  can  be  used  on  the  fixed 
format  secondary  data  files  directly  or,  by  using  an  option,  can 
deal  with  direct  input  data.  The  unit  is  indebted  to  Mr.  Richard 
See  of  NAMRU-2,  Taiwan  for  making  his  NEOPAK  and  PORTSTATS 
packages  freely  available  for  adaptation  to  its  needs. 

Utilization:  In  Figures  lb-19,  the  utilization  of  the  primary  data 
files  is  shown,  together  with  notes  on  additional  linkages  and  the 
means  by  which  this  can  be  attained.  For  ease  of  comprehension, 
the  charts  are  shown  by  unit  department. 

^rrent  Status :  This  is  considered  from  three  aspects,  the  prinviry 
data  files,  the  supporting  software  and  the  status  of  data  input. 

1.  Prjjiary  Data  Files:  All  the  main  and  most  of  the 
ancillary  primary  data  files  are  now  on  line.  An  idea  of  the 
magnitude  of  the  task  can  be  obtained  from  the  size  of  the  main 
files  as  of  31  August  1978  (Table  25). 

2.  Supporting  Software:  Of  the  nearly  400  prognuns  required 
to  support  tne  envisagevl  system,  some  300  are  already  written, 
entered  and  either  functioning  or  under  test.  Remaining  are 
those  required  for  housekeeping  of  the  smaller  ancillary  files  juvJ 
for  the  manipulation  of  ancillary  files.  The  manipulatory  programs 
for  main  priiimry  data  files  are  currently  under  test  and  will  be 
proven  by  early  October  1978.  Despite  the  complexity  of  the  inter¬ 
locking  system  no  unusual  problems  have  been  encountered  in  this 
area  of  development  to  date.  It  is  anticipated  that  all  software 
development  of  the  envisagevl  system  will  be  functional  by  31 
October  1978  or  shortly  thereafter.  Minor  modifications  and 
developments  are  likely  to  continue  for  a  further  2  months. 

3.  Data  Input:  The  system  uses  as  operators  the  imit 
personnel  previously  involved  in  nvtnual  record  keeping.  Training 
has  been  in-post  and  the  siune  approach  is  being  used  as  manipulative 
and  analytical  programs  are  testinl  and  come  on-line.  Many,  if  not 
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Figure  18.  File  utilization  -  Department  of  Clinical  Epidemiology 
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Figure  19.  File  utilization  -  Uiboratory  Animijl  Resources 


Table  25.  Statu.*;  of  m;un  files  as  of  31  August  1978 


File 

Records 

Record  Size 
(Bytes) 

Ii^t 

(K-bytes) 

A1 

200 

90 

18 

2/3 

5,000 

78 

390 

B 

2,000 

32 

64 

C 

7,000 

20 

140 

E 

500 

90 

45 

HI 

1 1 ,00) 

72 

792 

2 

4,5(X) 

32 

144 

3 

4,500 

38 

171 

4 

8,000 

28 

224 

5 

4,500 

60 

270 

I 

1,000 

84 

84 

M 

19,000 

70 

1,330 

N 

4,600 

33 

152 

R 

21,000 

202 

4,242 

SI 

25,000 

40 

1,000 

2 

25,000 

44 

1,100 

U 

6, •’00 

12 

80 

V 

500 

66 

33 

IR 

9,000 

40 

360 

2B1 

3,200 

28 

90 

2 

1,000 

34 

34 

Total  10,7()3 

roost,  of  these  operators  have  reached  average  professional  speeds  of 
5-6  X  10^  key-strokes  per  hour  and  their  value  is  enhanced  by  their 
familiarity  with  the  data  and,  thus,  a  below  average  error  rate. 

This  has  meant  that  all  departments  are  up  to  date  with  current 
data  ir^t  and  greater  than  expected  inroads  have  been  made  into  old 
data  -  the  latter  concerning  only  humans  save  for  very  minor 
exceptions. 

Future  Development:  During  the  up-coming  grant  year  the  CPU  is  to 
be  expanded  to  the  maximum  capacity  of  the  current  chasis  -  i.e.  to 
128  K-bytes  or  half  the  possible  maximum  overall.  This  will  enable 
the  system  to  operate  simultaneously  in  two  languages  and  better 
use  the  TTW  as  a  second  control  module  for  FORTRAN.  This  modest 
expansion  will  enable  the  unit  to  maintain  the  momentum  gained 
during  the  initial  development  -  when  deliberate  policy  gave  priority 
to  data  input  -  into  the  definitive  phase  of  analysis  and  beyond. 

The  further  advantage  gained  is  the  maintenance  of  the  essential 
flexibility  of  the  system. 

Discussion:  With  the  later  than  expected  hardware  delivery  and 
some  considered  changes  in  approach  (particularly  the  use  of  BASIC 
and  FORTRAN)  that  delayed  scmie  implementation,  the  unit  has  achieved 
a  great  deal  in  the  mere  8  morrhs  that  progress  has  been  possible. 
Indeed,  a  continued  flexibilit'  of  approach  has  meant  that  in  many 
if  not  most  aspects,  ADP  development  is  in  advance  of  the  stage 
envisaged  for  this  date. 

We  fully  expect  to  be  able  to  begin  full  and  detailed  analyses 
of  old  data  and  of  several  importiuit  current  ones  with  the 
beginning  of  calendar  1979.  The  current  system  with  its  planned 
exp^sion  should  remain  viable  without  other  than  minor  hardware 
additions  for  several  years. 
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23.  (U)  To  define  the  ecology  and  biology  of  tropical  infectious  diseases  and  to  study 
the  environmental  variables  that  may  ;.t  fect  the  performance  of  US  servicemen  in 
tropical  areas. 

24.  (U)  Routine  diagnostic,  epidemiological,  serological,  biochemical,  microbiological 
and  entomological  methods  are  being  utilized.  Field  studies  are  emphasized  and  are 
supplemented  by  appropriate  laboratory  investigations. 

25.  (U)  77  10  -  78  09  Dengue,  hepatitis,  influenza,  war  wound  infections,  scrub  tyjihus, 
and  gonorrhea  were  studied.  Surveillance  of  dengue  hemorrhagic  fever  (DHF)  cases  led 
to  Isolation  of  37  Dengue-2,  11  II-.3,  and  19  0-4  strains.  Virus  in  the  blood  of  DHF 
patients  was  associated  with  the  nononucle.ar  cell  fraction.  A  candidate  n-2  vaccine  was 
tested  in  Rhesus  monkeys  and  found  to  be  attenuated  compared  to  wild  virus.  Longitudina 
studies  of  hepatitis  B  infections  disclosed  .an  antigen  prevalence  of  9  percent  in  schoo 
children,  and  an  80  percent  prevalence  of  hepatitis  B  surface  antigen  or  antibody  in  thi 
families  of  schoolage  chronic  carriers.  Infection  with  Hepatitis  B  was  transmitted  to 
female  gibbons  with  infectious  h  man  semen  by  parenteral  and  intravaginal  routes.  A 
mosquito  bioassay  for  dengue  viruses  was  developed  employing  Toxorhynchites  splendens. 
An  ecological  and  epidemiological  study  of  dengue  virus  infections  in  a  defined  housing 
area  was  underway.  Influenza  surveillance  led  to  the  earliest  isolations  in  Thailand  of 
the  HlNl  influenza  A  virus.  Investigations  in  war  wound  infections  and  scrub  typhus, 
describing  the  prevalence  and  incidence  in  Tliai  Army  units,  as  well  as  associated 
ecological  variables,  were  begun.  Studies  of  the  prevalence  of  B  Lactamase-producing  N. 
gonorrhea  strains  in  Army  and  public  health  clinics  were  continued.  Cytogenetic,  electre 
phoretic,  and  morphological  taxonomic  studies  were  begun  on  Thai  strains  of  Aedes 
aegypti  and  Anopheles  balabacjns<s  For  technical  repeu-t  see  Walter  Reed  A™y  Institute 
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!•  Penicillin  Resistant  Neisseria  gonorrhoeae  Infection  in 
Selected  Clinic  Populations 

OBJECTIVES; 

1.  To  study  patients  having  a  bacteriologically  confirmed 
infection  with  N.  gonorrh ^eae. 

2.  To  identify  gonococcal  infections  resistant  to  penicillin 
and  to  demonstrate  evidence  of  penicillinase  production  by  chemical 
and  culture  techniques. 

3.  To  attempt  to  relate  laboratory  findings  to  chemotherapeutic 
success  or  failure. 

4.  To  refine  and  make  locally  available  a  simple  and  rapid 
screening  technique  for  penicillinase  production. 

5.  To  investigate  various  methods  of  specimen  collection 
and  techniques  for  future  study,  to  include  the  immunological 
aspects  of  this  disease. 

BACKGROUND:  Between  1972  and  1974  an  increasing  resistance  to 
penicillin  of  N.  gonorrhoeae  infections  was  demonstrated  in 
Bangkok  (1).  During  1976,  world-wide  reports  of  isolations  of 
penicillinase  producing  strains  of  N^.  gonorrhoeae  suggested  that 
a  serious  problem  of  great  public  health  importance  existed  (2). 

The  epidemiologic  evidence  shows  ;in  almost  world-wide  incidence  of 
penicillinase  producing  strains  and  links  many  cases  to  travelers 
from  and  residents  of  Australia,  Belgium,  Canada,  Denmark,  Hong 
Kong,  Japan,  Korea,  Singapore,  Sweden,  Switzerland,  the  United 
Kingdom,  and  the  United  States.  West  Africa  and  the  Far  East  also 
appear  to  be  significant  factors  in  the  spread  of  infection  (2). 
Determination  of  penicillin  resistance  and  penicillinase  production 
are  not  routinely  performed  by  most  venereal  disease  clinics  or 
physicians. 

This  Laboratory,  in  collaboration  with  the  Royal  Thai  Army  Hospital's 
venereal  disease  clinic,  demonstrated  that  penicillinase  production 
occurred  in  eight  percent  of  105  isolates  over  a  seven  month  period 
and  that  55  percent  of  the  isolates  had  penicillin  minimum  inhibitory 
concentrations,  MIC,  of  between  0.4  and  1.2  Units  per  milliliter. 

It  was  also  demonstrated  that  62%  of  patients  reporting  symptoms 
of  gonorrhoeae  were  culture  positive  (3). 

NCTHODS ;  Collaborative  investigation  efforts  between  our  Laboratory, 
tKe  Bangruk  Hospital  and  the  Royal  Thai  Army  Hospital,  have  provided 
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a  group  of  male  and  female  patients  for  study.  The  Ban  Chiwi  Clinic, 
a  subsidiary  venereal  disease  unit  of  the  Bangruk  Hospital,  is  the 
sources  of  female  patients  and  the  Royal  Thai  Army  Hospital's 
Venereal  Disease  Clinic  is  the  source  of  male  patients.  Patients 
were  selected  as  demonstrating  clinical  symptoms  of  Neisseria 
gonorrhoeae  infection.  Patients  whose  infections  were  resistant 
to  treatment  were  followed  (41. 

N.  gonorrhoeae  (5)  strains  isolated  from  patients  were  collated 
with  MIC  testing  data  and  with  the  production  of  penicillinase  as 
demonstrated  by  the  penicillin  plate  inhibition  method  (6),  and  by 
the  iodometric  and  cephalosporin  techniques  (7).  Experience  with 
the  iodiometric  and  cephalosporin  methods  for  penicillinase  produc¬ 
tion  as  well  as  with  the  culture  plate  sensitivity  technique  allowed 
laboratory  personnel  to  refine  and  make  locally  available  the 
culture  plate  technique  for  rapid  screening. 

In  addition  to  specimens  for  bacteriological  identification, 
serum  and  vaginal  washings  were  obtained  for  future  investigation 
of  the  immunological  aspects  of  the  disease.  Attempts  will  be 
made  to  correlate  with  case  history  files,  penicillinase  production, 
and  penicillin  MIC  trends,  l.yophilized  isolates  from  all  cases 
were  retained. 


Table  1 


Male 

(n-8) 

Female 

(n-9) 

Case 

MlC(U/ml) 

Case 

MlC(U/mn 

A2 

40 

BC30 

10 

A5/A19 

40 

BC43 

40 

A47 

40 

BC53 

40 

A49 

10 

BC94 

10 

A61 

40 

BC189 

40 

A78/A83 

40 

BC192 

40 

A131 

40 

BC194 

40 

A132 

40 

BC209 

5 

_ 

BC211 

40 

Table  2.  Selected  Case  Histories 


Case  A2: 


1st  Treatment: 


21  yrs. ,  male,  single,  symptomatic  3  days  after 
contact  exposure.  Culture  positive  N.  gonorrhoea 

Pen.  G  sodium  5  MU(IM),  Probenecid  1  gm.  (oral) 

3  days  after,  pus  occurred,  no  contact  exposure 
Culture  positive  N.  gonorrhoea 


2nd  treatment:  Kanamycin  2  gm.  (IM)  1  dose 
1  day  after,  asymptomatic 
Culture  negative  gonorrhoea 

Case  A5/A19;  32  yrs.,  male,  clironic  urethritis  for  2-3  weeks, 

last  contact  exposure  over  one  month 
Culture  positive  N .  gonorrhoea 

1st  Treatment:  Pen.  G  sodium  S  MU(IM),  Probenecid  1  gm.  (oral) 

1  week  later,  discharge  and  dysurea 
Culture  positive  N.  gonorrhoea 

2nd  Treatment:  Kanamycin  2  gm(IM)  1  dose 

1  month  later,  asymptomatic 
Culture  negative  N.  gonorrhoea 


Case  BC192: 


1st  Treatment: 


2nd  Treatment: 


3rd  Treatment: 


4th  Treatment: 


20  yrs.,  bar  girl,  leukorrhea  and  itching,  2-3  days 
Smear  positive  N.  gonorrhoea,  no  culture  taken 

Probenecid  1  gm.  (oral),  Ampicillin  3.5  gm.  (oral) 

1  day  later,  leukorrhea 

Smear  and  culture  posit ive  gonorrhoea 

Probenecid  1  gm.  (oral),  Ampicillin  3.5  gm.  (oral) 

1  day  later,  no  signs,  symptoms  present 
Smear  negative  N.  gonorrhoea,  no  culture  taken 

Probenecid  1  gm.  (oral),  Anpicillin  3.5  gm.  (oral) 

20  days  later,  lower  abdominal  bilateral  pain,  2  days 
Smear  negative  N.  gonorrhoea,  no  culture  taken 

Trobicin  (Sepectnomycin  dihydrochloride  2  gm.  (IM) 

1  day  later,  symptoms  diminishing 
Smear  negative  N.  gonorrhoea 


5th  Treatment : 


Trobicin  2  gm.  (IM) 
No  patient  follow-up 


Case  BC  209: 


21  yrs.,  bar  girl,  leukorrhea,  1  day 
Smear  and  culture  ’  ositive  N .  gonorrhoea 


1st  Treatment:  Probenecid  1  gm.  t..iral),  Anqiicillin  3.5  gm.  (oral) 
1  day  later,  leukorrhea 
Smear  negat ive  N .  gonorrhoea 

2nd  Treatment:  Probenecid  1  gm.  (oral),  Ampicillin  3.5  gm.  (oral) 
18  days  later,  leukorrhea 
Smc -ir  negative  gonorrhoea 

Culture  positive  N.  gonorrhoea 

3rd  Treatment:  Trobicin  2  gm.  (IM) 

1  day  later,  leukorrhea 

Smear  and  culture  negative  gonorrhoea 


Table  3.  Pattern  of  Pen.  G  MIC  (U/ML)  Activity 


RKSULTS:  Ulghty-two  inHlts  uiul  100  (cmiilcs  wirli  «  potiici  1  Jin  MIC 
greater  than  0,2  Units  per  mil  11  liter  wore  stiulieil  from  13  March 
1978  through  31  August  1978.  liight  males  ami  nine  females  demon¬ 
strated  beta- lactamase  production  and  very  high  penicillin  MlCs 
(Table  1).  Mules  had  initial  treatment  as  5  megaunlts  of  penicillin 
G  sodium,  Intramuscular,  and  probenecid  I  gm. ,  oral.  Refractory 
patients  in  general  were  treated  with  Kanamycin,  2  gm. ,  intra¬ 
muscular.  Initial  staiulard  treatment  of  females  was  Probenecid, 

1  gm.  (oral)  and  Amjilcillin,  .3.S  gm.  (oral).  Refractory  patients 
were  treated.  In  general,  with  nK>re  jienicillin.  Four  representative 
case  histories  are  presented  in  Table  2. 

Ton  percent  of  the  male  patients  and  nine  percent  of  the  female 
patients  (nine  percent  of  all  patients  with  MlC's  greater  than 
0.2  Units  per  milliliter  were  Infecteil  with  penici  1 1  in.ase  producing 
N.  gone rr hot' a ■  Seventy-six  percent  of  the  PPN(;  positive  patients 
Rad  MIC*  s  of  40  U/ml.  or  greater  (Table  .3).  The  male  and  female 
pattern  of  MIC  activity  is  suimiiar i  red  in  I'able  4. 

2.  Maternal  Rectal  and  Vaginal  ITera  Associatetl  with  Infant 
Colon izat  ion  imif  1^  Re  1  .i t  i onsliTii  t o  a rrlvea 

OBvlI'CTlVliS: 


1.  To  correlate  stiulies  (8,  9)  performed  at  I’hra  Mongkutklao 
(Royal  Thai  Army)  Hospital  examining  ejiidemic  neonatal  diarrhea 
with  neonate  enteric  bacterial  flora  and  pre-delivery  maternal 
rectal  flora. 

2.  To  assess  enteric  bacteria  colonizaiion  in  the  pre-delivery 
maternal  environment  witli  the  .3  day  neonate  status. 

3.  i'o  proviile  a  s  i  gn  i  I'i  cant  intoimation  base  for  investigating 
futur«‘  ejildemics  of  neonatal  diarrfiea. 

BACKGROUND :  Young  Asiatic  Indian  chililren,  under  S  years  of  age, 
had  enteric  pathogen  carrier  rates  ot  up  to  131  with  no  signs  or 
symiitoffls  of  bacterial  intestinal  diseasi's  (10).  Rates  of  27  per¬ 
cent  were  reporteil  in  healthy  Mexican  University  students  (11). 
Neonatal  diarrhea  is  a  common  tropical  disease  (12).  The  maternal- 
neonate  contact  tiuring  tlu'  trauma  of  ilelivery  couM  be  a  source  of 
neonate  colonization  (13). 

During  197S,  a  study  of  epidemic  neonatal  diarrlu'u  with  sej'sts  at 
Phra  Mongkutklao  llos\>ital  vlemoiist  rat  ed  serotypes  of  enteropat  hogeni  c 


coli  (EPC)  in  symptomatic  infants  in  20  percent  of  the  nursing 
staff.  Subsequent  nursing  and  patient  management  changes  led  to 
a  marked  decrease  in  cases  (9).  A  random  follow-up  study  in  1977 
on  103  mothers  upon  admission  to  the  delivery  room  found  a  48 
percent  rectal  colonization  of  medically  significant  bacteria  of 
wfiich  64  percent  were  serotypes  of  generally  recognized  entero- 
pathogenic  Escherichia  coli  (8) . 

METHODS ;  The  study  was  performed  from  21  February  to  25  April 
1978  at  the  nursery  and  delivery  room  of  Phra  Mongkutklao  Hospital. 
Three  hundred  ninety-one  maternal-neonate  pairs  were  studied.  A 
pair  is  defined  as  one  mother  and  her  newborn;  a  case  is  one  indivi¬ 
dual  of  a  pair.  Rectal  and  vaginal  cultures  were  performed  on 
mothers  upon  admission  to  the  delivery  room.  History  was  acquired 
at  time  of  specimen  collection.  Standard  enteric  bacterial  isola¬ 
tion,  identification,  and  serotyping  was  performed  (14,15,16). 

Rectal  culture  of  infants  were  performed  at  24  and  72  hours  after 
birth  and  when  associated  with  diarrhea.  Follow-up  infant  diarrhea 
history  after  the  3rd  day  of  discharge  was  attempted  through  the 
hospital  post-natal  clinic.  Infant  specimens  were  not  acquired 
after  72  hours  post  delivery. 

RESULTS:  Twenty-six  (6.65%)  of  391  maternal -neonate  pairs  had 
identical  enteric  isolates.  Ninety-six  percent  of  the  paired 
isolates  were  £.  coli  of  serotypes  018a  018c:K  77,  055:K  59,  0111: 
K58,  and  086a  (Table  5)-  Maternal  ages  of  these  26  cases  were  17- 
33  years  and  parities  1-6.  Twenty  of  the  mothers  resided  outside 
of  Bangkok  (Table  6). 

Infants  and  mothers  were  followed  after  72  hours  at  the  post-natal 
clinic.  Treatment  for  diarrhea  was  administered  as  appropriate 
to  syn^Jtoms  without  cultures  being  taken.  Fifteen  infants  had 
diarrhea  after  72  hours  but  prior  to  discharge.  Mothers  of  this 
study,  upon  discharge,  were  also  given  survey  questionnaires  to 
respond  to  should  their  infants  become  ill  during  the  first  week 
after  discharge.  Twenty-five  mothers  indicated  that  the  infants 
did  develop  diarrhea.  Sixty-one  (16%)  of  the  391  mothers  also  had 
a  recent  (within  3  days) ,  prior  history  of  diarrhea,  and  37  of  the 
62  (60%)  were  found  positive  for  enteric  isolates  (Table  7) • 

Sixty-nine  percent  of  the  maternal  only  isolates  (Table  8)  were  of 
coli  serotypes  018a  018c:K  77,  0111 :K  58,  and  055:K  59,  Ninety- 
two  percent  of  the  matched  pair  isolates  were  also  of  these  sero¬ 
types  (Table  5).  Seventy- three  percent  of  infant  isolates  which 
were  not  associated  with  maternal  isolates  were  of  these  serotypes 
(Table  9). 


Table  5.  Matemal-Neonate  Enteric  Bacteria  Matched 
Isolates  of  391  Paired  Cases 


Maternal  Source 

Total  PAIRED 

\PAIRED 

%P AIRED 

Rectal 

Vaginal 

R+V 

Isolates 

Isolates 

Cases 

E.  coli 

018a  018c:K77  5 

5 

2 

12 

46 

3.07 

0111 :K58  5 

1 

6 

23 

1.53 

055:K59  3 

2 

1 

6 

23 

1.53 

086a 

1 

1 

4 

0.26 

Enteropathogenic 

E^.  coli  Total 

25 

96 

6.39 

Salmonella  groi^  El 

supp. 

1 

1 

4 

0.26 

Matched  isolate  total: 

26 

6.65 

Table  6.  Maternal  History  of  Matched  Neonate-Maternal 
Isolates  (26  Cases) 

Parity/  Home  Province 


Matched  Isolates 

#Cases 

Age/ #Cases 

#Cases 

Bangkok 

Other 

E.  coli 

018a  018c :K77 

12 

18/1, 

21/2, 

24/1, 

19/1, 

22/2, 

27/2 

20/1 

25/2 

1/3, 2/6 
3/2,1-unk 

1 

11 

055:K59 

6 

17/1, 

28/1, 

18/1, 

33/1 

20/1 

1/3. 3/2 

2 

4 

0111 :K58 

6 

18/1, 

27/2 

20/1. 

25/1 

1/2, 2/4 

2 

4 

086a 

1 

29/1 

1/1 

1 

0 

E.  coli  total : 

25 

Salmonella  group 

1 

24/1 

3/1 

0 

1 

El  spp. 

Isolate  total:  26 


!)lr» 


Table  7.  Sixty-one  Symptomatic  Maternal  Diarrhea  Cases  of 
391  Mother-Neonate  Paired  Cases  (No  symptomatic 
infants) 

Group  I  Maternal-Neonate  isolate  match. 


E.  coli  018a  018c :K  77  2  cases 

055 :K  59  1  case 

Group  II  Maternal  isolate  only,  infant  negative. 

I.'  coli  055 :K  59  3  cases 

0111 :K  58  2  cases 

018a  018c:K  77  1  case 

0127a  1  case 


Group  III  Infant  isolate  only,  mother  negative. 


E.  coli  028 :K  73  1  case 

0111 :K  58  2  cases 

0111 :K  58,  086a  1  case 

020a  020b :K  84  1  case 

018a  018c :K  77  10  cases 

018a  018c :K  77,  Shig.  boydii  15  1  case 

0125 ;K  70  1  case 

055 :K  59  5  cases 

086a  2  cases 

018a,  Shig.  A-D  01  1  case 

Salmonella  gr.  El  spp.  2  cases 


37  cases 


Group  IV  Mother  and  infant  negative  for  bacterial  isolates 

Symptomatic  only  24  total  cases 


Table  8.  coli  Maternal  Isolates  not  Matched  with  Neonates 
(391  total  cases) 


Isolate  Source 

Total 

%E.  coli 

% 

Rectal 

Vaginal  R+V 

Isolates 

Isolates 

Cases 

E.  coli 

018a  018c :K  77 

15 

9 

24 

32.00 

6.14 

0111 :K  58 

13 

3  1 

17 

22.67 

4.35 

055:K  59 

6 

3  2 

11 

14.67 

2.81 

0127a 

5 

5 

6.67 

1.28 

0125:K  70 

1 

3 

4 

5.33 

1.02 

086a 

1 

2 

3 

4.00 

0.76 

020a  020b :K  84 

1 

2 

3 

4.00 

0.76 

044 :K  77 

1 

1 

1.33 

0.26 

0128:K  67 

2 

2 

2.67 

0.51 

025 

1 

1 

1.33 

0.26 

026 :K  60 

1 

1 

1.33 

0.26 

0127a:K  63 

1 

1 

1.33 

0.26 

020a  020c :K  61 

1 

1 

1.33 

0.26 

044 :K  74 

1 

1 

1,33 

0.26 

Total  E.  coli 

75 

19.18 

Total  E.  coli  cases 

72 

18.41 

Cases  with  two 

species 

EPEC 

E.  coli  0127a 

Rectal 

1 

case 

044  :K  77 

Vaginal 

055;K  59 

Rectal 

1 

case 

0111:K  58 

Vaginal 

0111 :K  58 

Rectal 

1 

case 

018a  018c:K 

77  Vaginal 

Table  9.  Neonate  E.  coli  Isolates  Not  Matched  with  Mothers 
of  391  Paired  Cases  (All  infants  diarrhea 
asyn^tonatic) 


Total 

%E.  coli 

% 

Isolates 

Isolates 

Cases 

018a  018c :K  77 

28 

38.36 

7.16 

055 :K  59 

13 

17.81 

3.32 

0111 :K  58 

12 

16.44 

3.07 

086a 

4 

5.48 

1.02 

0125:K  70 

3 

4.11 

0.77 

020a  020b :K  84 

3 

4.11 

0.77 

0127a 

2 

2.74 

0.51 

0126:K  71 

2 

2.74 

0.51 

0119 :K  69 

1 

1.37 

0.26 

018a  018c :K  67 

1 

1.37 

0.26 

028:K  73 

1 

1.37 

0.26 

044 :K  74 

1 

1.37 

0.26 

026 :K  60 

1 

1.37 

0.26 

0128 :K  67 

1 

1.37 

0.26 

(3  cases  had  two  species  of  EPEC) 


Table  10.  Maternal-Neonate  Enteric  Bacterial  Matched 
Isolates  of  391  Paired  Cases 


24  hrs. 

72  hrs. 

24+72  hrs. 

Total 

Isolates 

Isolates 

Isolates 

Paired  Iso 

E.  coli 

018a  018c:k  77 

6 

4 

2 

12 

0111 :K  58 

'.4 

2 

6 

055 :K  59 

4 

2 

6 

086a 

1 

1 

E.  coli  totals 

Salmonella  group  El  spp. 

1 

Total 

IS 

9 

2 

26 

Table  11 


Isolates  of  12  Mother-Infant  Pairs,  Unmatch 
of  391  Mother-Infant  Paired  Cases 


Mother 


Infant 


Salm.  gr.  El  spp. 

Salm.  gr.  E4  spp. 

.Salm.  gr.  El  spp. 

Salm.  gr.  El  spp 
Salm.  gr.  E4  spp. 

Sh.  boydii  15  and  £.  coli  018a 
018c :K77 

l[.  col  i  0111:K  53  and  E.  coli 
018a  018c :K  77 
Salm.  gr.  El  spp.  E.  col  i 
055:K59  and  E.  coli  020a 
020b ;K  84 


V.  parahaemolyt  iciis 


Table  12.  Maternal  Enteric  Bacterial  Isolates  (391  Pairs) 
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The  E.  coli  serotypes  018a  0l8c:k  77,  91ll;K  58,  and  055:K  59 
were  the  predominate  organisms  isolatts.!  from  mothers  infants  and 
mother-infant  matched  cases.  Twenty- six  of  61  (42%)  symptomatic 
of  which  37  (70%)  were  positive  for  I[.  col i  of  these  3  serotypes 
(Table  7 ) . 

Isolates  from  infants  at  24  honis,  72  hours  and  found  at  both  24 
and  72  hours  are  summarised  in  Table  '0.  Of  H.  coli  serotypes, 

018a  018c;K  77,  0111 -.K  58,  955:K  59  ;md  086a;  50Tr"50%,  67%,  67% 
and  100%  respectively  were  isolated  at  24  hours.  Twelve  mother- 
infant  pairs  had  significant  isolates  which  were  not  the  same 
organisms  (Table  11). 

Maternal  isolates  and  age;  parity,  and  home  province  history  are 
summarized  in  Table  12. 

3.  Ectoparasite  and  Rickettsia  tsutsug;unushi  Studies 
in  TnailanJ 

OBJECTIVE :  To  establish  and  describe  the  chiggers  and  ticks  that 
are  vectors,  or  potential  vcctms  of  himian  pathogens  in  Thailand, 
and  to  determine  the  geographical  distribution  of  Rickettsia 
tsutsugamushi  in  natural  populations  of  chiggers  in  Thailand. 

BACKCtROUNO:  This  is  a  continuing  project  that  began  in  the  early 
1960's.  Emphasis  during  the  early  years  was  placed  on  establishing 
rodent-ectoparasite  associations  and  collecting,  classifying  and 
determining  the  distribution  ot  chiggers  and  ticks  in  Thailand. 

This  early  work  served  as  the  basis  for  a  number  of  publications,  of 
which  Lakshana  (17)  and  fekagul  and  McNeely  (18)  have  establislu\i 
a  very  firm  taxonomic  base  on  which  epidemiological  studies  on 
Rickettsia  tsutsugamushi  in  I’hailand  can  proceevl.  More  recent 
emphasis  has  now  shifted  to  the  distribution  and  strains  of 
R.  tsutsugamushi  that  occur  in  vector  chiggers  in  Thailand.  However 
problems  still  exist  in  identifying  chigger  specimens  collected  in 
Thailand,  hence  taxonomic  studies  on  chiggers  arc  continuing. 

METHODS :  Ectoparasites  are  collected  from  live  trapped  rodents 
and  other  small  mammals  by  remov.il  with  forceps,  by  scraping  or 
by  holding  the  animals  alive  over  .i  [uui  of  water  and  allowing 
engorged  ectoparasites  to  drop  into  the  water.  Engorgexi  chiggers 
are  normally  preserved  in  alcohol  and  mounted  on  slides  for  study. 
Chiggers  used  for  R.  tsutsugamushi  isolation  attempts  are  preferably 
unengorged.  Unengorged  chiggers  are  usually  found  in  leaf  litter, 
on  rotten  logs  and  other  favorable  habitats  frevpiented  by  ivdents 
and  other  small  mammals,  .ind  are  e.isily  collected  by  using  5"  x  5" 


formica  black  plates.  Collected  unengorged  chiggers  are  placed 
and  kept  alive  in  vials  of  water,  which  are  then  shipped  to  USAMRU- 
Kuala  Lun^ur  for  rickettsia  isolation.  A  technique  using  direct 
imimino- fluorescence  has  recently  been  developed  to  detect 
rickettsia  in  naturally  infected  mites  (19).  Using  this  technique, 
the  internal  contents  of  each  unengorged  chigger  can  be  screened 
for  nine  different  strains  of  R.  tsutsugamushi ,  i.e. ,  Karp,  Gillian. 
Kato  TC  586,  TA  678,  TA  686,  TA  716,  TA  763  and  TH  1817.  After  the 
internal  contents  of  the  chigger  has  been  tested  for  rickettsia, 
its  exoskeleton  is  mounted  in  Holyer's  mounting  media  on  a  slide 
for  identification. 

RESULTS :  Between  June  1977- August  1978,  2,251  unengorged  chiggers 
collected  in  Thailand  by  the  black  plate  method,  were  identified 
and  sent  to  USAMRU-Kuala  Lumpur  for  rickettsia  isolation  (Table  13). 
These  specimens  were  collected  in  the  following  provinces; 

Chiengmai ,  Kanchanaburi ,  Nakhon  Ratchasima,  Prachinburi,  Surin  and 
Ubon  Ratchathani.  A  total  of  13  species  of  chiggers  in  5  genera 
were  involved,  with  Leptotrombi dium  (1.. )  deliense,  the  primary 
£.  tsutsugamushi  vector  in  Thailand  being  the  most  abundant  species. 

The  results  of  the  rickettsia  isolation  attempts  are  shown  in 
Table  2.  Slightly  over  UH  of  the  chiggers  screened  for  R. 
tsusugamushi  were  positive.  The  chigger  species  found  positive  for 
R.  tsutsugamushi  are  listed  in  Table  15.  Leptotrombidium  (^. )  deliense, 
the  most  commonly  collected  species,  also  yield^T  the  most  rickettsia 
isolations.  The  other  species  positive  for  rickettsia  were: 

Leptot rombidium  (^. )  miculum  arvimim,  Microt romhicula  chamlongi 
and  two  new  undescribed  species  collected  in  Chiengmai, 

Leptotrombidium  (L . )  species  A  and  species  R.  Data  on  R.  tsutsugamushi 
strains  found  in  Thailand  will  be  described  in  the  Annual  Report 
from  USAMRU-Kuala  Lumpur. 

In  December  1977  a  total  of  343  l.eptot rombidium  (].. )  deliense, 

251  j..  (l^. )  scutel lare  and  8.3  1..  ^. )  striatum  were  collected 
engorged  from  field  rodents  and  shipped  alive  to  the  Walter  Reed 
Army  Institute  of  Research.  These  specimens  were  for  ongoing  re¬ 
search  requiring  progeny  broods. 

Reports  of  twelve  new  species  of  Leptotrombidium  collected  in 
Thailand  are  currently  being  prepared  for  publication.  One  of 
the  new  species  is  very  similar  to  1..  (j.. )  deliense ,  the  primary 
vector  of  R.  tsutsugamushi  in  niailand.  An  additional  4  new  species 
of  Leptotrombidium  and  one  new  species  of  Gahr licpia  wore  collected 
in  the  above  black  plate  collections.  A  checklist  of  the  ticks  of 
Thailand  is  currently  in  manuscript  form. 


Table  13, 


Uiengorged  Chiggers  Colle.ted  in  Thailand  between  June  77  - 
Septeinber  78,  and  sent  to  USAMRU  -  Kuala  Lumpur  for 
Rickettsia  Isolations. 


Qiigger  Species 


LOCATIONS 


No.  of  Collections 


Gahrliepia  (G.) species 

Lept.  (L . )  deliense 

"  fulleri 

"  miculun 

arvimin 

"  species  A 

"  species  B 

"  species  C 

"  species  D 

(Trora.)  paniculatum 

Microtroirbicula 

chamlongi 

Siseca  rara 

Walchiella  oudemans i 

"  traubi 


i  13 


I  46 
'll9 


90 


1 

1 


T 


Naldion 

Ratdiasima 

Pradiin  Bur 

Surin 

Ubon 

Ratchathani 

12 

3 

4 

9 

- 

- 

2 

- 

543 

1 

145 

949 

21 

- 

- 

- 

8 

- 

- 

- 

1  - 

15 

- 

- 

9 

1 

- 

- 

5 

j 

1 

1 

i 

1 

16 

- 

*  i 

- 

68  1 

1 

! 

1 

i 

- 

1  I 

! 

“  1 

- f 

! 

- 

45 


2 

1,741 

21 

58 

119 

4 

15 
2 

10 

6 

16 
68 

1 


TOTAL 


L83 


!  96  662  )  10  162  j  950 


2,063 


Species  with  alpliabetical  designations  are  new  and  undescribixl. 


Table  14.  Rickettsia  tsutsuganuishi  Isolations  from  Thai  Chiggers.* 


Location 

Total 

Qiiggers 

Examined 

Number 

Infected 

Percent 

Infected 

Qiiang  Mai 

133 

26 

19.55 

Nahhon  Ratchasima 

49 

31 

63.27 

Prachin  Buri 

1 

1 

100.0 

Ubon  Ratchathani 

579 

26 

4.5 

Total 

76. 

84 

11.02 

* 


The  collections  from  Kanchajiaburi,  Surin  and  several  collections 
from  Khao  Yai  National  Park  have  been  deleted  due  to  teduiical 
problems. 


Table  15.  Source  and  species  of  Thai  uiiggers  Infected  with 
Rickettsia  tsutsueamushi. 


Location 


Chiang  Mai 


Nakhon 


Chigger  Species 

L.  (L.) 

deliense 

tl  If 

miculum  arvinian 

It  If 

species  A 

If  II 

species  B 

II  If 

species  D 

L.  (L.) 

deliense 

Microtronbicula  chamlongi 

Nmter  Qiiggers  Infected 
Screened  I 

Nvmber  Percent 


23.08 

13.51 

17.95 

50.00 

0 


63.83 

50.00 


Prachin  Buri  L.  (L.)  deliense 


Ubon 


! 

! 

L.  (L.)  deliense 

[ 

579 

. .  .  . 

Totals 

762 

100.00 


26  t  4.49 


/ 


4.  Mosquito  Cytogenetic  and  Electrophoresis  Studies 

OBJECTIVE :  To  define  and  delimit  the  species  or  strains  of  mosquito 
species  in  Thailand  that  serve  as  the  primary  vectors  of  human 
pathogens  by  cytogenetic  and  enzymatic  techniques  for: 

1.  a  check  against  current  morphological  species  concepts; 

2.  the  accurate  determination  of  the  limits  of  gene  pools 
in  natural  populations  of  vector  species;  and 

3.  the  correlation  of  genetic  variation  in  natural  populations 
of  the  primary  vectors  with  the  degree  of  susceptibility  to  dengue 
viruses  and  human  malaria. 

BACKGROUND :  Considerable  evidence  now  exists  that  different 
biological  species  of  organisms,  as  defined  by  Mayr  (20),  may  exist 
in  the  absence  or  near  absence  of  definable  morphological  differences 
in  all  or  most  life  stages.  Such  cryptic  or  sibling  species  may  be 
distinct  only  on  the  basis  of  ecological,  behavioral  and/or 
cytogenetic  differences.  The  occurrence  of  such  species  in 
important  vector  species  groups  of  mosquitoes  is  well  documented 
(21,  22),  and  their  discovery  is  essential  for  developing  effective 
control  programs  and  understanding  the  epidemiology  of  vector-borne 
diseases  (23).  in  addition,  the  ability  of  mosquito  species  or 
strains  of  species  to  transmit  certain  human  pathogens  has  been 
shown  to  be  under  genetic  control  (24,  25,  26,  27).  Cytogenetic 
and  electrophoresis  techniques  have  been  shown  to  be  effective  for 
determining  the  genetic  variability  (including  disease  susceptibility) 
in  natural  populations  of  mosquitoes  (28).  These  techniques, 
coupled  with  morphological  studies  and  hybridization  experiments, 
provide  the  most  well  founded  basis  for  species  and  vector  strain 
differentiation. 

METHODS :  Initially,  colony  strains  (Table  1b) of  Aedes  aegypti  , 
albopictus ,  malayensis ,  Anophe 1 es  balabacensis  and  maculatus  were 
utilized  to  develop  facilities,  train  personnel  and  to  standardize 
the  cytogenetic  and  electrophoresis  techniques.  The  cytogenetic 
techniques  employed  were:  (1)  larval  salivary  polytene  chromosome 
preparations  by  a  modification  of  the  standard  chromosome  squash 
technique  (29);  (2)  larval  brain  metaphase  preparations  by  a  modified 
technique  based  on  Baimai  (30);  and  (5)  ovarian  nurse  cell  polytene 
chromosome  preparations  from  adult  females  by  the  method  described 
by  Coluzzi  (31).  The  electrophoresis  techniques  employed  were 
those  of  Steiner  and  Joslvn  (32). 
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Chronvosomc  maps  ami  eleci  "ophorosis  st ai'ch-Kcl  esterase  patterns 
will  be  initiated  l'(r  seb^cted  laboratory  colony  strains  or  species. 
These  maps  or  patte.ns  will  serve  as  "standards"  for  later  com¬ 
parisons  with  other  strains  and/or  species.  Once  "standard"  maps 
or  esterase  patterns  have  been  established,  wild  collected  popula¬ 
tions  will  be  sampled  to  airvey  the  variations  occurring  in  natural 
populations.  Wild  and/or  colony  strains  of  currently  recogniieil 
morphological  species  that  exhibit  sufficient  cytogenetic  and/or 
electrophoretic  differences  will  be  studied  further  by  hybridization 
experiments  to  determine  if  they  are  conspecific.  Strains  of 
aegypti  (wild  or  colony)  that  exhibit  distinct  esterase  polyraorplii sms 
will  be  tested  for  susceptibility  to  infection  with  dengue  viruses. 

RLSUl.TS :  Squash  preparations  of  the  salivary  glands  of  4th  stage 
larvae  produced  mixed  results.  Anopheles  ba labacensi s  larvae 
yielded  fairly  good  results  with  J-4%  of  the  slides  having  well- 
spread  chromosome  arms,  f.hromosome  prejuirat ions  of  An.  imiculatus 
were  less  favorable  and  those  for  Aedes  aeg>in i  were  a  complete 
failure,  nio  chroiiwsomes  of  halabacensis  have  been  photographed 
and  work  has  begun  on  the  develojiment  of  a  standard  chromosome  map 
for  this  species. 

Preparations  of  met.iphase  chromosomes  from  larval  brains  have  been 
quite  successful.  A  study  to  compare  the  different  karyotypes 
is  in  progress. 

The  development  of  electrophoresis  lecliniques  was  exjH'dited  by 
Dr.  W.W.M.  Steiner,  University  of  Illinois,  who  spent  one  montli  at 
Mahidol  University  training  personnel  and  refining  his  techniques 
for  aegypt  i  and  anoplie  I  ines.  field  collectcvi  specimens  of  the 
Southeast  Asian  Anopheles  hyrcaniis  complex  were  selected  to  evaluate 
the  ability  of  electrophoresis  techniques  to  differentiate  very 
closely  related  species.  According  to  morphological  cliaracterist  ics, 
this  group  is  a  very  closely  lelated  assemblege  of  sibling  species, 
of  which  at  least  8  species  occur  in  Thailand  A  total  of  t’O 

n igerr imus ,  148  pedi taeniatus  and  140  s i nens i s  females  were  collected 
from  4  widely  separated  localities  within  a  100  km.  railius  of 
Bangkok,  and  analyzed  for  15,  in  and  lb  enzymes  respectively. 

Based  on  esterase  activity,  these  species  exhibited  very  similar 
patterns  of  gene  variation,  with  some  polyiiKir|dii  sm  at  different 
loci.  Species  patterns  were  distinct  for  some  loci,  which  substan¬ 
tiates  the  current  concept  tliat  tliese  are  vt"'y  closely  related 
members  of  a  sibling  species  complex,  further  analysis  of  these 
data  is  in  progress  and  additional  specimens  of  these  and  other 
species  in  the  conijilex  are  being  collected  for  fiirtber  investigations. 
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Table  17.  Relative  frequencies  of  esterase  alleles  at  the  Est-1  and  Est-2 


aegypti  -  4^  -  -  -  -  Null? 


2 

albopictus-2 

2 

malayensis-1 


1 

This  colony  has  the  Est-1,  .98  allele  overlapping  the  Est-2  zone  of 
activity,  making  it  difficult  to  assess  the  presence  of  no  activity. 

2 

Enzyme  activity  too  low  to  accurately  diagnose  the  banding  patterns. 
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A  total  of  22  enzymes  were  tested  against  50  larvae  each  of  four 
colony  strains  of  Aedes  aegypti  and  a  total  of  six  esterases  were 
detected,  although  most  colonies  exhibited  only  four  esterases. 

The  relative  frequencies  of  esterase  alleles  at  the  Est-1  and  Est-2 
loci  in  50  larvae  each  of  three  strains  of  aegypti  and  2  closely 
related  Stegoiwi a  species,  albopictus  and  malayensis ,  are  tabulated 
in  Table  17”  These  data  demonstrate  the  ability  of  electrophoresis 
techniques  to  detect  esterase  and  esterase  allele  differences 
between  closely  related  strains  (Thai)  of  aegypti  and  closely 
related  species  of  Aedes  (Stegomyia)  mosquitoes.  The  data  for  the 
other  four  esterases  detected  in  these  colony  strains  are  being 
analyzed.  Additional  strains  of  aegypti  will  be  tested  in  the 
future  in  preparation  for  the  selection  of  strains  to  test  for 
susceptibility  to  dengue  viruses. 

All  aspects  of  this  project  will  be  continued,  except  for  the 
attempted  slide  preparation  of  polytene  chromosomes  from  the  larval 
salivary  glands  of  aegypti . 

5.  ^tosquito  Survey  and  Taxonomic  Studies 

OBJECTIVE :  To  elucidate  the  mosquito  fauna  of  Thailand  and  South¬ 
east  Asia,  with  primary  emphasis  on  the  identification  of  diagnostic 
characters  for  the  separation  of  vector  species  and  groups  containing 
vector  species  of  human  pathogens. 

BACKGROUND :  This  is  a  continuation  of  collaborative  efforts  begun 
in  the  1960's  with  the  Southeast  Asia  Mosquito  Project  (SEAMP) , 
Smithsonian  Institution,  and  currently  continued  with  the  Medical 
Entomology  Project  (MEP),  Smithsonian  Institution,  Washington,  D.C. 
Earlier  efforts  were  primarily  concerned  with  general  surveys  for 
elucidating  the  mosquito  fauna  of  Thailand.  However,  by  1967-68 
general  surveys  were  discontinued  and  studies  were  aimed  at  target 
species  or  species  groups  of  suspected  or  known  vectors  of  human 
pathogens.  During  the  period  1970  to  the  present  a  large  number 
of  excellent  taxonomic  studies  on  the  mosquitoes  of  Thailand  and 
Southeast  Asia  have  been  published  under  the  auspicies  of  SEAMP, 

MEP  and  the  U.S.  Army  Medical  Component,  SEATO.  Despite  this 
progress,  serious  identification  problems,  involving  suspected  and 
known  mosquito  vectors  of  arboviruses,  filariasis,  and  malaria 
still  exist  in  Thailand.  These  problems,  in  conjunction  with  the 
resurgence  of  malaria  in  Thailand,  justify  the  continuation  of 
basic  taxonomic  studies. 

METHODS :  Surveys  for  target  species  and  species  groups  are  conducted 
at  selected  sites  and  habitats  throughout  Thailand.  These  surveys 


involve  the  collection  of  iinnviture  and  adult  mosquitoes,  with 
eiqphasis  placed  on  reared  adults  with  associated  larval  and  pupal 
skins,  and  on  progen y  adults  (with  associated  larval  and  pupal 
skins)  reared  from  eggs  oviposited  by  known  wild  collected  females. 
Specimens  are  curated  and  pinned  or  slide  mounted  for  further 
study  by  investigators  in  the  laboratory,  or  shipped  for  study  to 
KEP  or  other  world  recognized  authorities.  Studies  primarily  consist 
of  an  analysis  of  intra-interspecific  variations  to  identify  useful 
characters  for  separating  the  species.  Useful  diagnostic  characters, 
new  species  records  and  new  tajca  found  in  Thailand  are  prepared 
for  publication  and  described  in  scientific  journals. 

RESULTS ;  Numerous  progeny  broods  of  species  in  the  Aedes  (Finlaya) 
niveus  group,  collected  from  Kanchanaburi  Province,  were  curated 
and  sent  for  study  to  Dr.  Kenneth  L.  Knight,  North  Carolina  State 
University.  At  least  two  new  species  were  involved  and  one  species 
was  recently  described  by  Knight  (34).  This  new  species,  harinasutai , 
is  the  species  incriminated  (as  Aedes  niveus  group)  as  the  primary 
vector  of  subperiodic  Wuchereria  bancrofti  parasites  in  man  in 
Kanchanaburi  Province  by  Karinasuta  et  al.  (35). 

A  large  collection  of  larvae  and  reared  adults  with  associated 
immature  skins,  of  a  new  species  and  probable  new  subgenus  of  Aedes 
from  Kanchanaburi  Province,  were  curated  and  sent  for  further  study 
to  the  Medical  Entomology  Project  (NEP),  Smithsonian  Institution. 

In  addition,  over  4,600  slide  preparations  of  mosquito  immatures 
from  Columbia  and  Panama  were  mounted  and  labeled  at  the  request 
of  MEP,  and  returned  to  that  project  for  further  study. 

More  than  20  progeny  broods  of  Anopheles  balabacensis  have  been 
reared  with  associated  immature  skins.  These  specimens  are  being 
curated  and  prepared  for  shipment  to  E.I..  Peyton  (MI';P) ,  who  is 
currently  revising  the  leucosphyrus  group  in  the  Oriental  faunal 
Region.  Anopheles  balabacens is  is  the  primary  vector  of  hunuin 
malaria  parasites  in  Thailand. 

During  the  reporting  period,  at  least  7  species  of  Aedes ,  Anopheles 
and  Culex  previously  unreported  from  Thailand,  were  collected  and 
reared.  A  probable  new  species  of  Culex  was  also  collected.  These 
specimens  are  undergoing  further  study  in  preparation  for  publication. 

Reports  of  Anopheles  campestris,  a  suspected  vector  of  malaria  in 
Thailand,  and  the  collection  of  campestris  -  like  adults,  continue 
to  occur  in  the  Chiengmai  Valley  in  northern  Thailand.  However, 
campestris  may  not  be  present  in  northern  Thailand  (36).  A  recent 


collection  of  numerous  reared  barbirostris  and  "campestris"  from 
Chiengmai  is  currently  being  prepared  for  study.  Adult  characters 
to  separate  these  two  species  are  known  to  be  unreliable  in 
Thailand,  thus  an  examination  of  the  pupal  stage,  which  exhibits 
diagnostic  characters,  is  necessary. 

In  Thailand,  Anopheles  philippinensis  may  be  a  secondary  vector 
of  human  malaria  pathogens  (imconfirmed  by  dissection).  Reid  (37), 
however,  demonstrated  that  philippinensis  in  Assam,  Burma  and 
Malaysia  actually  consists  of  2  species,  nivipes  and  philippinensis. 
Current  studies  at  AFRIMS  indicate  that  either  Reid's  division  o^ 
philippinensis  was  not  justified  or  that  nivipes  is  the  common 
species  in  Thailand  and  philippinensis  is  either  absent  or  extremely 
rare.  These  studies  involve  the  examination  of  over  900^  and  ♦ 
progeny  with  associated  immature  skins  from  54  wild  collected 
females.  Reid  (37)  did  not  study  progeny,  and  indicated  that  the 
study  of  progeny  would  confirm  or  refute  the  existence  of  nivipes 
as  a  valid  species. 

A  major  revisionary  study  was  initiated  during  this  period  on  the 
Aedes  (Finlaya)  kochi  group  of  species  in  Thailand  and  Malaysia. 

At  least  4  species  are  known  from  the  study  area  and  one  species 
under  study,  poicilius,  is  a  confirmed  vector  of  Wuchereria 
bancrofti  parasites  in  the  Philippines.  This  group  is  found  primarily 
in  southern  Thailand  and  extends  as  far  north  as  Kanchanaburi  Province. 
Adults  feed  readily  on  man  and  the  immature  stages  are  found  primarily 
in  Pandanus  axils.  To  date,  2,040  adults  and  1,668  slides  have  been 
examined  and  illustrations  of  the  larval  and  pupal  stages  have 
been  prepared.  Detailed  descriptions  are  still  in  preparation. 

Manuscripts  near  completion  or  completed  during  the  period  include: 
Illustrated  keys  to  the  adult  domestic  mosquitoes  of  Thailand; 
Illustrated  keys  to  the  genera  of  adult  and  larval  mosquitoes  in 
Thailand;  and  The  Myzomyia  series  of  Anopheles  (Cellia)  in  Thailand, 
with  emphasis  on  intra-interspecific  variations  (Diptera:  Culicidae) . 

6.  Survey  of  Sylvatic  Rodents  for  Serological  Evidence 
of  Rabies  Virus  Infection 

OBJECTIVE:  To  capture  sylvatic  rodents  in  selected  forested  areas 
of  Thailand  and  to  test  their  serum  for  rabies  neutralizing  anti¬ 
bodies. 

BACKGROUND :  On  several  occasions  investigators  at  SEATO  Medical 
Research  Laboratory  have  examined  wild  rodents  to  determine  if 


they  were  infected  with  rabies  virus.  In  the  first  reported 
survey.  Smith,  et  al.,  1967-68,  rabies  virus  was  found  in  six 
different  species  of  rodents  in  Thailand  (38,  39).  Subsequent 
surveys  have  yielded  negative  results.  In  the  Annual  Report  of 
1971,  Hickman,  et  al^. ,  reported  that  the  negative  results  obtained 
during  the  four  year  period  since  rodents  were  implicated  as  a 
possible  sylvatic  reservoir  of  rabies  virus  infection,  suggests 
that  the  hypothesis  of  a  rodent  reservoir  of  rabies  in  Thailand 
is  false.  In  all  of  these  surveys  the  basis  for  evaluating  rodents 
for  rabies  virus  infection  was  by  examination  of  brain  tissue  using 
a  fluorescent  antibody  test.  Positive  specimens  were  confirmed  by 
intracerebral  inoculation  of  weanling  mice. 

In  this  study  we  screened  select  wild  rodent  populations  for 
evidence  of  exposure  to  rabies  virus  by  testing  their  serum  for 
rabies  neutralizing  antibodies.  Similar  serological  monitoring 
procedures  has  been  used  by  other  investigators  to  determine  the 
incidence  of  rabies  in  a  wildlife  population.  There  are  no  records 
which  indicate  this  type  of  survey  has  been  performed  in  Thailand. 

METHODS ;  Surveys  were  conducted  primarily  in  seven  areas  (Figure  1). 
Trapping  sites  at  Sakaeraj ,  Saiyok,  and  Ban  Bu  Pai  were  woods  and 
secondary  forest.  Sites  around  Chiengmai  were  woods  and  scrub. 

Sites  at  Rayond,  Cha  Choeng  Sao ,  and  Bangkok  were  rice  fields, 
scrub,  and  urban.  Rodents  were  trapped  in  metal  basket  traps 
which  were  baited  with  peeled  ripe  banana  and  then  set  along  a 
trail  or  near  a  burrow.  Trapped  rodents  were  given  an  accession 
number  and  caged  separately  at  the  field  site.  The  capture  site, 
genus,  species,  age,  and  sex  were  recorded.  Rodents  were  transported 
live  to  the  laboratory.  Approximately  one  ml.  of  ketamine  hydrochlo¬ 
ride  was  given  intramuscularly  for  anesthesia,  and  blood  was 
collected  via  heart  puncture  or  from  the  medial  canthus  of  the  eye. 
Serum  was  subsequently  harvested  and  stored  at  -60°C.  Assay  for 
rabies  serum  neutralizing  antibodies  was  performed  by  the  serum 
dilution  test  procedure  using  three  week  old  mice.  Serum  was  screened 
at  both  1:5  and  1:25  dilutions.  Any  test  in  which  serum  tested 
positive  at  a  1:5  dilution  was  re-tested  at  least  once. 

RESULTS :  One  mongoose  and  675  rodents  were  trapped.  Except  for  a 
single  rat  trapped  in  a  private  residence  in  Bangkok,  all  were  from 
forested  and  rural  regions  (Table  18).  Thirteen  rodents  were  trapped 
in  northern  Thailand  around  Chiengmai.  The  remainder  were  from 
central  and  southeastern  Thailand  near  Bangkok. 

With  one  exception,  the  rabies  serum  neutralizing  antibody  titer 
of  all  animals  was  less  than  1:5.  The  single  exception  was  an 
adult  R.  surifer.  Both  a  serum  collected  shortly  after  capture 
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22  December,  and  a  second  serum  collected  24  January  was  tested. 

In  two  separate  tests,  the  serum  first  collected  had  a  titer  of 
1:5  and  1:8,  respectively,  and  the  later  serum  had  a  titer  of  1:8. 

On  the  basis  of  FA  testing  and  mouse  inoculation,  rabies  virus 
could  not  be  demonstratc^l  in  brain  tissue  of  the  R.  suri fer. 

Since  the  first  reports  of  rodent  rabies  in  1966-69,  brain  tissue 
has  been  examined  from  not  less  than  1,217  rodents.  Rabies  virus 
has  not  been  detected  in  a  single  instance.  Test  procedures  used 
for  virus  detection  have  been  uniform  throughout  the  entire  survey 
period.  Confirmation  of  laboratory  findings  obtained  in  1966-69 
is  not  possible  because  both  the  original  brain  tissue  and  the 
virus  isolates  have  been  lost. 

7.  Survey  of  Sylvatic  Rodents  for  Serological  Evidence 
of  Leptospirosis  Infection 

OBJECTIVE :  To  determine  the  incidence  of  infection  of  Leptospirosis 
among  sylvatic  rodents  in  the  area  around  Pakchong,  Thailand. 

BACKGROUND :  Leptospirosis  is  known  to  infect  many  species  of 
animals  and  man.  One  major  source  of  infection  of  leptospirosis  in 
human  is  known  to  be  wild  rodents. 

The  investigators  joined  the  Scrub  Typhus  rodent  trapping  team 
from  the  Department  of  Medical  Entomology  and  used  the  specimens 
trapped  by  this  team  in  conducting  this  survey.  Rodents  were 
trapped  in  the  vicinity  of  Special  Forces  camp  Number  9,  Pakchong, 
Nakom  Ratchasima.  Once  the  Scrub  Typhus  Team  had  extracted  their 
san^les  from  the  rodents,  the  rodents  were  turned  over  to  the 
investigators  for  examination  for  serological  evidence  of  leptospirosis 
infection. 

METHODS :  Blood  for  serologic  analysis  was  obtained  from  each 
trapped  rodent  by  either  ocular  bleeding  or  heart  bleeding. 
Approximately  0.5  ml.  of  whole  blood  was  placed  on  a  strip  of 
Whatman  No.  4  filter  paper  and  allowed  to  dry  for  one  hour  at  room 
temperature.  The  agglutination  (lysis)  test  for  the  presence  of 
leptospirosis  antibodies  was  performed  on  each  of  the  blood  specimens 
at  the  laboratory  of  the  Faculty  of  Ti’opical  Medicine,  Mahidol 
University,  Bangkok,  Thailand.  This  method  has  been  previously 
described  (40). 

RESULTS :  Results  of  the  serological  test  for  the  presence  of 
leptospiral  antibodies  in  the  146  rodents  trapped  during  this  survey 
were  negative.  It  should  be  noted  that  the  agglutination  (lysis) 
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test  was  performed  at  a  dilution  of  1:100  only.  This  survey  con¬ 
cludes  the  study  of  the  incidence  of  Leptospirosis  in  sylvatic 
rodents  in  the  Pak  Chong  area. 

8.  Survey  on  the  Incidence  of  Angiostrongylus  sp.  in  Wild 
Rocients 


OBJECT IVE:  To  determine  the  incidence  of  Angiostrongylus  sp.  in 
wild  rodents  in  the  area  of  Pakchong,  Thailand. 

BACKGROUND:  Angiostrongylus  sp. ,  the  rat  lung-worm,  has  been  shown 
to  cause  eosinophilic  meningitis  in  man  (41,  42,  43).  Numerous 
cases  of  eosinophilic  meningitis  caused  by  Angiostrongylus  sp.  have 
been  reported  from  Thailand  (44).  One  case  of  human  ocular 
angiostrongyliasis  has  also  been  reported  from  Thailand  (45). 

The  investigators  joined  the  Scrub  Typhus  Rodent  Trapping  Team  from 
the  Department  of  Medical  Entomology  and  used  the  specimens  trapped 
by  this  team  in  conducting  this  survey.  One  the  Scrub  Typhus  Team 
had  extracted  their  samples  from  the  wild  trapped  rodents,  the 
rodents  were  turned  over  to  tb  investigators  for  examination  for 
the  presence  of  Angi ost rongylus  sp. 

NETHODS:  A  complete  gross  necropsy  was  performed  on  each  rodent 
in  the  field.  Particular  attention  was  given  to  the  gross  examina¬ 
tion  of  the  lungs,  mesenteric  vessels,  heart  and  liver  of  each 
specimen.  Tissue  from  all  organs  was  harvested  and  placed  in  10% 
buffered  formalin  for  hi stopathologic  examination  in  the  laboratory. 

All  nematodes  found  at  necropsy  were  placed  in  alcohol-fonrol- 
acetic  fixature  for  preservation  and  transport  to  the  laboratory 
where  definitive  identification  was  carried  out  (46).  Tissues  were 
processed  in  the  routine  manner  and  examined  microscopically  for 
the  presence  of  nematode  parasites.  Gross  nematode  parasites  were 
given  to  Dr.  Manoon,  Faculty  of  Tropical  Medicine,  Mahidol  University 
for  identification. 

RESULTS ;  The  number  and  anatomic  location  of  adult  and/or  larval 
helminths  found  at  gross  necropsy  is  given  in  Table  19.  A  total  of 
32  animals  were  found  to  be  infested  with  internal  parasites.  Of 
these  specimens  collected  and  submitted  for  identification,  only  two 
were  positively  identified  as  Angiostrongylus  cantonesis.  Both 
A.  cantonesis  were  found  in  Rattus  rattus.  One  was  located  in  the 
right  atrium  and  the  other  was  present  in  the  pulmonary  vein. 


A  variety  of  other  gross  liver  lesions  were  noted  during  necropsy 
of  the  rodents.  These  lesions  ranged  from  cysts  of  various  sizes 
caused  by  the  larval  tapeworm  Cysticercus  fasciolaris  which  occurred 
in  33  animals  to  white  spots  in  the  liver  which  were  probably  old 
migratory  tracts  caused  by  other  parasites.  A  few  other  unremarkable 
incidental  lesions  were  seen  grossly. 

The  results  of  this  rodent  survey  indicated  an  incidence  of  infec¬ 
tion  of  Angiostrongylus  cantonesis  of  1.37%  in  wild  rodents.  This 
infectivity  rate  is  slightly  lower  but  compares  favorably  with  the 
infectivity  rate  reported  from  this  section  of  Thailand  by  others 
(41).  This  survey  is  complete  and  this  report  is  the  final  one. 

9.  A  Survey  for  Viral  Agents  Transmitted  by  Culicoides  in 
Northern  Thailand 


OBJECTIVE :  To  isolate  and  identify  viral  disease  agents  from 
Culicoides  collected  in  Chiengmai  Valley. 

BACKGROUND :  As  previously  reported  (47),  collections  of  blood 
sucking  midges  of  the  genus  C>  I  ndes  were  made  in  rural  villages 
of  the  Chiengmai  Valley  between  March  and  September  1976,  with  the 
goal  of  isolating  and  identifying  arboviruses  from  pools  of  midges. 
This  report  concludes  the  study. 

fCTHODS :  Pools  of  Culicoides  mcdowelli  were  ground  in  1.0  ml  of 
M-199  with  5  percent  fetal  calf  serum  and  antibiotics.  0.3  ml 
aliquots  of  the  pool  suspensions  were  assayed  for  plaque  forming 
agents  in  LLC-Mk2  cells  by  the  direct  and  delayed  plaque  techniques. 

RESULTS :  Twelve  pools  of  Cul i coides  mcdowe 1 1 i  with  76  to  277  midges 
per  pool  were  assayed.  No  plaque  forming  agents  were  isolated. 

10.  Isolation  of  Dengue  Viruses  from  Patients  in  Provincial 
Hospitals 

OBJECTIVE :  To  isolate  dengue  viruses  from  dengue  hemorrhagic  fever 
patients  admitted  to  piovincial  liospitals  of  Thailand  and  to  compare 
the  virus  serotypes  with  those  isolated  in  Bangkok. 

BACKGROUND :  Since  1962  the  per.sonnel  of  the  Medical  Research 
Laboratory,  Armed  Forces  Research  Institute  of  Medical  Sciences, 
have  isolated  dengue  viruses  from  patients  of  the  Children's 
Hospital,  Bangkok.  During  this  period  the  dengue  virus  serot>'pes 
that  were  isolated  varied  considerably,  nengue-2  virus  was  isolated 
from  patients  in  all  years  that  isolations  were  attemjUed.  In  the 


early  1960's,  dengue- 1,  3  and  4  were  also  present.  Dengue-4  was 
isolated  in  1965,  but  from  1969  through  1975  this  serotype  was 
not  isolated  from  Bangkok  patients  (surveillance  of  dengue  virus 
types  by  isolation  was  not  conducted  in  Bangkok  during  the  period 
1966-1968).  ^proximately  50%  of  the  viruses  isolated  from  1972 
through  1975,  were  dengue-1  and  3  and  the  remainder  were  dengue-2 
viruses.  In  1976  dengue-4  was  isolated  much  more  frequently  than 
dengue- 1  and  3  viruses.  The  incidence  of  human  dengue  virus 
infections  in  Thailand  increased  earlier  than  expected  and  to 
unprecedented  levels  during  1977.  The  increase  may  have  been  due 
to  the  re-introduction  of  dengue-4  virus. 

The  purpose  of  this  study  was  to  isolate  dengue  virus  from 
patients  admitted  to  provincial  hospitals  and  to  compare  the 
virus  serotypes  to  those  isolated  from  patients  admitted  to  the 
Children's  Hospital,  Bangkok. 

KETHODS :  After  consultation  with  the  Director,  Division  of 
Epidemiology  of  the  Ministry  of  Public  Health,  studies  were 
conducted  at  the  provincial  hospitals  at  Khon  Kaen,  Phrae,  Ubol, 
and  Udorn.  From  August  through  October,  1977,  blood  specimens 
were  obtained  from  clinically  diagnosed  DHF  patients  who  had  been 
ill  for  four  days  or  less.  A  second  specimen  was  collected  from 
the  same  patients  two  to  five  days  later.  A  short  history  and 
physical  examination  were  recorded  for  each  patient. 

Serum  and  plasma  specimens  were  stored  and  transported  to  AFRIMS 
in  liquid  nitrogen.  Virus  isolation  attanpts  were  carried  out 
on  acute  plasma  specimens  using  the  direct  and  delayed  plaque 
techniques  on  LLC-Mk^  cells.  Viruses  were  identified  by  the  stan¬ 
dard  plaque  reduction  neutralization  technique  using  prototype 
dengue  virus  anti-sera  prepared  in  monkeys.  Acute  and  convalescent 
sera  were  assayed  for  antibody  by  the  hemagglutination  inhibition 
(HI)  technique. 

RESULTS :  Applying  standard  laboratory  criteria  for  the  serologic 
diagnosis  of  DHF  (four  fold  titer  rise  with  convalescent  titer 
>  640  or  fixed  high  titer>  1280  by  HI  serology),  109  of  the  139 
clinical  diagnoses  of  DHF  in  the  provinces  were  confirmed;  15  were 
not  confirmed;  and  5  lacked  a  convalescent  serum  specimen.  As 
shown  in  Table  20  thirty-six  dengue  virus  strains  were  isolated 
from  patients  o*  four  provincial  hospitals.  The  results  of  dengue 
virus  isolations  from  Bangkok  Children's  Hospital  for  the  year 
1977  are  presented  in  the  same  table  for  comparison.  Dengue  virus 
serotypes  2,3,  and  4  were  isolated;  however,  dengue-4  viruses  were 
detected  most  frequently.  Isolates  of  dengue-3  virus  were  relatively 
more  common  in  specimens  from  the  provinces  than  from  Bangkok. 


OBJECTIVE :  To  study  the  seroepidemiology  of  Togavirus  (arbovirus] 
infections  in  a  well  defined  rural  Thai  population. 

BACKGROUND ;  Dengue  virus  was  first  specifically  indentified  as  a 
cause  o^  illness  in  Thailand  in  the  early  1950' s.  At  that  time, 
and  for  many  years  thereafter,  it  was  felt  that  dengue  infections 
were  endemic  only  in  the  large  cities.  More  recently,  it  has  been 
recognized  that  dengue  infections  also  occur  in  rural  populations. 
However,  little  is  known  of  the  prevalence  of  arbovirus  antibody 
in  nural  Thailand,  as  most  studies  done  outside  of  cities  involved 
areas  of  epidemic  illness. 

As  sera  were  already  being  collected  from  village  populations  for 
malaria  and  hepatitis  studies,  a  serological  survey  for  arbovirus 
infection  was  included. 

MATERIALS  AND  METHODS:  The  mati  iials  and  methods  for  this  study 
are  outlined  elsewhere  in  this  report  (  Seroepidemiologic  Survey 
of  Hepatitis  B  Virus  Infection  in  a  Rural  Thai  Village).  Serum 
was  submitted  for  routine  hemagglutination  inhibition  test  using 
an  alpha  virus  (arbovirus  group  A]  antigen,  specifically  Chikungunya 
(Chik)  and  flavivirus  (group  B  arbovirus)  antigens,  specifically 
types  Dengue  1-4  (DEN  1-4)  and  .Japanese  encephalitis  ( JEV) . 

RESULTS:  Of  a  total  population  of  993  people  over  the  age  of  1 
year  in  the  village,  sera  from  526  had  been  tested  by  the  time  of 
this  report.  Of  these,  230  sera  were  obtained  from  people  from 
age  1  to  10.  This  age  group  made  up  over  60%  of  the  village 
population.  The  prevalence  of  antibody  to  Chikungunya  .antigen  in 
the  whole  population  was  19.2%;  it  was  6.1%  in  the  tested  children 
ten  years  old  or  less  and  rose  to  54.5%  by  the  40-40  year  age 
group,  remaining  at  that  level  in  the  few  older  persons  studied. 

The  flavivirus  antibody,  on  the  other  hand,  rose  rapidly,  starting 
at  20%  in  the  few  one  year  olds  bled  but  reaching  89.2%  by  the  age 
of  four  years  and  remaining  over  80%  for  all  but  one  of  the  remaining 
age  groups. 

This  data  serves  as  a  good  comparison  to  that  collected  in  Bangkok 
in  1962  and  1977  and  illustrates  that  flavivirus  transmission  is 
much  more  rapid  in  rural  envi ronmonts  than  in  Bangkok.  The  antibody 
prevalences  to  flaviviruscs  are  very  similar  to  those  found  in 
Phnompenh  in  1974  (48). 


Table  22  Association  Between  Previous  Exposure  to 
Hepatitis  B  Virus  and  Arbovlral  Agents 


Table  23  Relative  Risk  of  Concurrent  Evidence  of 
Japanese  B  Encephalitis  Virus  Exposure 
and  Hepatitis  B  Virus  Exposure 


Group  A 

Age 

Sex 

Hepatitis 

Exposure 

JEV  Exposure 

* 

RR 

+ 

<10 

Female 

+ 

18 

4 

1.49 

•• 

46 

38 

Male 

+ 

16 

6 

1.32 

.  ..  " 

42 

34 

Female 

93 

3 

1.01 

>10 

- 

115 

5 

Male 

35 

4 

0.97 

•• 

25 

2 

RR  for:  all  males  1.29  all  ^10  1.40 

all  female  1.19  all  >10  1.00 

all  villagers  1.22 


*RR  ■  Relative  risk 


Tabl*  24  Relative  Rlek  of  Concurrent  Evidence  of  Group  A 
Arbovirus  Exposure  end  Hepatitis  B  Virus  Exposure 


Group  A 

Age 

Sex 

Hepatitis 

Exposure 

Arbovirus 

Exposure 

RR* 

■f 

- 

Feswle 

T 

0 

5 

22 

79 

Indetersdnate 

<10 

Hale 

+ 

. 

4 

5 

18 

71 

2.76 

Female 

■f 

38 

41 

58 

79 

1.16 

>10 

Male 

19 

20 

16 

1.20  ! 

RR  for:  all  female  1.43  all  <10  1.4S 

all  males  2.43  all  >10  1,19 

all  villagers  1.69 


*RR  ■  Relative  risk 

! 

I 

I 

i 

I 


Table  21  presents  the  arboviral  serology  results  of  the  san^>le  of 
villagers  tested.  The  prevalences  of  the  various  arboviral  agents 
are  significantly  different  from  those  found  in  urban  Thai 
populations  (49).  Table  22  however,  demonstrates  the  association 
between  evidence  of  Hepatitis  B  virus  exposure  (HB  Ag  and/or  anti 
HB  )  and  the  prevalence  of  evidence  of  previous  arSovirus  infection. 
Th*  associations  appear  to  be  age  and  stx  dependant.  Children  under 
the  age  of  10,  especially  females,  represent  the  majority  of  the 
correlation  between  Hepatitis  B  virus  and  Japanese  encephalitis 
virus  infections  (Table  23.) .  Table  24  presents  similar  data  for 
Group  A  arbovirus  antibody.  With  alphaviruses,  concurrent  markers 
of  previous  infection  in  males  are  responsible  for  the  increased 
correlation  between  the  two  agents.  While  the  age  difference  still 
exists,  it  is  not  as  large  as  that  found  for  JEV.  Possible 
explanations  include: 

1.  Proportion  of  population  susceptible  to  all  infection 
diseases. 

a.  by  constitution 

b.  by  increased  into ra.:t ion  with  their  environment. 

2.  Similar  mechanisms  of  disease  transmission 

a.  focus  of  disease  by  location 

b.  similar  vector. 

3.  Interaction  between  antibody  to  all  diseases 

a.  similar  antibody  induced  by  one  disease 

b.  laboratory  test  not  specific. 

The  collection  of  materials  from  the  village  of  Tablan  is  finished. 
This  report  presents  preliminary  data  as  the  laboratory  tests  are 
still  underway. 

12.  Isolation  of  Dengue  Viruses  from  Leukocytes  and  Plasma 
of  Dengue  Hemorrhagic  Patients 

OBJECTIVE :  To  continue  studies  on  isolation  of  dengue  viruses 
from  dengue  hemorrhagic  fever  (DHF)  patients  of  the  Children's 
Hospital;  to  determine  if  virus  can  be  isolated  from  leukocytes 
during  natural  dengue  infections  and  to  identify  the  cells  infected. 

BACKGROUND :  Previous  studies  have  shown  that  dengue  viruses  can 
be  isolated  from  leukocyte  preparations  taken  from  patients  with 


nr4' 


dengue  henorrhagic  fever  (50);  these  studies  were  extended. 

With  this  report  we  adopt  the  convention  of  reporting  all  isolations 
for  a  single  calendar  year,  in  this  case  January  1st,  1977  to 
December  31st,  1977.  This  period  of  reporting  emcompasses  a 
single  "dengue  season"  and  will  considerably  facilitate  year  to 
year  comparisons  of  DHF  epidemics.  A  roximately  half  of  specimens 
included  in  this  report  were  included  in  last  year's  repor^^.. 

METHODS:  Clinical  histories  and  heparinized  blood  saiqples  were 
obtained  from  patients  admitted  to  Bangkok  Children's  Hospital. 

The  first  day  of  fever  was  defined  as  the  first  day  of  illness. 

A  follow-up  serum  sample  was  requested  approximately  15  days  after 
admission. 

Heparinized  blood  specimens  were  separated  into  plasma  and  cell 
fractions  by  centrifugation.  The  cell  fraction  was  resuspended  in 
a  solution  of  Dextran  T-250,  the  red  cells  were  allowed  to  sediment, 
and  subsequent  slow  centrifugation  pelleted  the  leukocytes.  Viruses 
were  isolated  from  plasma  or  leukocyte  populations  using  the  direct 
or  delayed  plaque  method  on  LLC-Mk2  cells. 

Characterization  of  infected  cells  as  "adherent"  or  "non-adherent" 
was  acconqplished  by  adding  leukocyte  suspensions  to  tissue  culture 
flasks  and  incubating  the  cells  for  2  hours  at  37  c.  Media  and 
non-adherent  cells  were  withdrawn,  and  the  adherent  cells  in  the 
flask  washed  once.  LLC-Mk2  cell  suspensions  were  added  to  the  flask, 
incubated  overnight,  and  overlaid  with  agar.  The  non-adherent  cells 
which  had  been  withdrawn  from  the  flask  were  mixed  with  a  suspension 
of  LLC-MK_  cells,  put  in  a  second  flask,  incubated  overnight  and 
overlaid  with  agar. 

RESULTS :  A  total  of  81  viruses  were  isolated  from  the  plasma  and/or 
leukocytes  of  336  patients  hospitalized  with  hemorrhagic  fever  during 
1977  (Table  25,  Chikungimya  virus  wan  isolated  from  two  patients; 
one  was  obtained  from  plasma  while  the  other  was  isolated  from 
leukocytes  obtained  from  blood  drawn  on  the  eighth  day  of  illness. 

The  dengue  virus  isolates  consisted  of  67  strains  which  could  be 
classified  as  Den-2,  3  or  4  and  12  other  viruses  that  could  not  be 
identified.  The  latter  viruses  were  considered  to  be  dengue,  as 
the  serum  of  the  patients  from  which  these  viruses  were  isolated 
showed  a  significant  rise  in  dengue  HI  antibody  titers.  None  of 
the  dengue  viruses  were  isolated  from  plasma  alone,  14  from  plasma 
and  leukocytes  and  56  from  leukocytes  alone  (Table26).  Viruses 
were  not  isolated  from  plasma  specimens  with  HI  antibody  titers 


Table  25  Virus  Isolations  fron  Plasma  and/or  Leukocytes 


Virus 

Isolation 

No. 

\ 

Chikungunya 

2 

2.5 

Dengue- 1 

0 

0.0 

Dengue- 2 

37 

45.7 

Dengue- 3 

10 

12.3 

Dengue-4 

20 

24.7 

Dengue-? 

12 

14.8 

Total 

81 

100 

Table  26  Dengue  Virus 

Isolations  from 

Pl.isma  and/or 

Leukocytes 

Specimen 

Isolations 

No. 

\ 

Plasma  only 

9 

11.4 

Leukocytes  only 

56 

70.9 

Both  Plasma  and  Leukocytes 

14 

17.7 

Total 

79 

100 

102'- 


Table  27  Identified  Dengue  Virus  Isolations  from  Plasaa  and 

Leukocytes  Tabulated  against  the  Patients  Hoaologous 
HI  Titers 


Hoaologous^ 

Titers 

Isolations 

Plasaa 

Leukocyte 

Both 

Total 

10 

2 

2 

4 

20 

- 

4 

4 

8 

40 

2 

4 

4 

10 

80 

1 

6 

- 

7 

160 

- 

7 

3 

10 

520 

- 

S 

- 

S 

640 

- 

3 

1 

4 

1280 

3 

4 

- 

7 

2S60 

2 

3 

- 

S 

5120 

- 

2 

- 

2 

10240 

- 

S 

• 

S 

Totals 

8 

45 

14 

67 

1 

Reciprocal  HI  antibody  titer 


10 


Isolation  of  Dongue  Viruses  frua  Plasaa  and  Lou^  cytes 
of  Dengue  Haaorrhagic  Fevur  Patients. 


Day  of 
Disease 


Total 

Studied 


Total 


Plasma 


Leukocytes 


Total 


Table  29  Isolation  of  Dengue  Viruses  from  Adherent  and  N«.'n 
Adherent  Leukocytes. 


Leukocytes 


Adherent  cells  only 
Non-Adherent  cells  only 
Both  Adherent  and  Non- 
Adherent  cells 


Total 


against  homologous  antigens  greater  than  1:2560;  however,  viruses 
were  isolated  from  the  peripheral  blood  leukocytes  (PBL)  of  patients 
with  homologous  HI  antibody  titers  of  1:10240  or  greater  (Table  27). 


Most  dengue  virus  isolations  were  obtained  from  plmsma  and 
leukocytes  during  the  first  five  days  of  illness  (Table  28).  and 
the  majority  of  the  isolates  were  obtained  during  the  febrile  period. 

Direct  plaquing  methods  showed  range  of  2  to  100  infectious 
centers  per  3  x  10  leukocytes.  The  small  number  of  infectious 
centers  indicated  that  relatively  few  of  the  leukocytes  produced 
infection  in  LLC-Mk-  cell  cultures.  In  initial  trials  to  ascertain 
the  type  of  leuJcocyies  infected,  virus  isolations  were  attempted 
from  cells  adherent  to  plastic  tissue  culture  flasks  and  from 
non-adherent  cells.  Dengue  viruses  were  isolated  from  twentv-one 
sets  of  adherent  and  non-adherent  cell  populations  (Table  29). 

Eleven  sets  yielded  virus  from  adherent  cells  only,  3  sets  from 
non-adherent  cells  and  7  sets  from  both  adherent  and  non-adherent 
cells.  Investigations  are  underway  to  further  characterize  the 
infected  cell  populations. 

13.  Dengue-2  Candidate  Vaccine  Stulies:  Challenge  of  Immunized 
Monkeys  with  Southeast  Asian  .Vild  Type  Viruses 

OBJECTIVE :  To  challenge  monkeys  immunized  with  Dengue-2  candidate 
vaccine  with  local  wild  type  dengue  strains. 

BACKGROUND :  Ten  Indian  Rhesus  monkeys  (Macaca  mul atta)  were 
immunized  (17  Jan  1977)  with  a  candidate  Dengue-2  live  attenuated 
virus  vaccine  strains  (PR-159  (SI)  Lot.  No.  1  June  1976).  (See 
Annual  Progress  Report  1976-1977).  None  of  the  ten  monkeys  developed 
detectable  viremia.  Four  of  these  monkeys  developed  hemagglutina¬ 
tion  inhibition  antibodies  and  six  developed  neutralizing  antibodies 
against  dengue-2  virus  (KS-2472,  MK2-4)  by  30  days  following  vaccine 
administration.  Of  the  six  that  developed  antibody,  three  had 
neutralizing  titers  of  1:40  while  three  were  1:20.  Five  monkeys 
were  inoculated  with  the  Dengue-2  vaccine  parent  strain  (PR-159, 
GM-6).  All  of  these  monkeys  had  proven  viremia  for  three  or  more 
days  (from  the  2nd  to  the  8th  day)  and  developed  hemagglutination 
inhibition  and  neutralizing  antibody  (GMT's  1:210  and  L:600 
respectively)  by  the  30th  day  following  inoculation.  The  purpose 
of  this  experiment  was  to  determine  if  the  immunized  monkeys  were 
protected  against  infection  with  wild  type  dengue  strains  present 
in  Southeast  Asia. 

METHODS:  The  ten  monkeys  previously  immunized  with  the  candidate 
2  vaccine  strains  were  divided  into  three  groups: 


J  (i;^  ^ 


Group  1:  This  group  consisted  of  two  monkeys  without  neutralizing 
antibody  (E290,  E293)  and  another  two  with  neutralizing  antibody 
(E231j  E299)  (Table  30)..  This  group  received  a  wild  type  dengue-2 
strain  (BM50-76,  MK2-2)  which  had  been  isolated  from  a  mosquito 
collected  from  the  Rome  of  a  patient  with  dengue  hemorrhagic  fever 
and  passed  twice  in  LLC-Mk-  cells.  On  initial  isoaltion  both  large 
and  small  plaques  were  seen.  -The  virus  was  administered  in  a  dose 
of  0.5  ml  containing  1.1  x  10^  PFU. 

Group  2:  Two  vaccine  immunized  monkeys  (FI 5,  E295)  and  two 
monkeys  (F17,  F66)  immunized  with  parent  strain  of  dengue-2  virus 
(PR-159,  GM-6)  were  included  in  this  group  (Table  31)..  These 
monkeys  received  a  wild  type  dengue-3  strain  (CH-1337-74,  MK_-10) 
with  a  titer  of  2.3  x  10^  PFU/0.5  ml.  This  strain  was  isolated 
from  the  serum  of  a  dengue  hemorrhagic  fever  patient  and  passed 
10  times  in  LLC-Mk^  cells. 

Group  3:  This  group  included  2  vaccine  immunized  monkeys  without 
neutralizing  antibody  (E294,  E298)  and  2  vaccine  immunized  monkeys 
with  low  (E229)  and  high  (E301)  neutralizing  antibody  titejs 
(Table  32).  These  monkeys  received  a  booster  with  3.3  x  lO'^  PFU  of 
candidate  vaccine  PR- 159  (SI)  lot.  1. 

All  monkeys  were  inoculated  subcutaneously  with  0.5  ml  of  the 
appointed  strain  of  virus.  The  monkeys  were  examined  the  day 
before  inoculation  and  daily  throughout  the  course  of  the  experiments. 

The  following  blood  specimens  were  obtained  on  day  0  prior  to  the 
inoculation  and  on  days  1-10,  15,  and  30  following  immunizations: 

EDTA  blood  for  hematology  including  hemoglobin,  hematocrit,  white 
blood  cell  and  platelet  count;  serum  for  serological  tests  and 
SGPT;  and  heparinized  blood  for  virus  isolation  from  plasma  and 
blood  leukocytes.  Virus  isolation  was  performed  by  standard  direct 
and  delayed  plaque  technique  in  LLC-Mk2  and  by  the  mosquito-inocula¬ 
tion  technique. 


RESULTS ;  Wild  type  dengue-2  challenges  of  immunized  monkeys: 

The  first  group  of  monkeys  (E290,  231,  and  299)  that  were  previously 
immunized  with  candidate  dengue-2  vaccine  were  challenged  with 


wild  type  dengue-2  strain  (BM50-76,  Mk2-2)  4  months  following  the 
initial  immunization.  Viremia  occurred  in  the  three  out  of  four 


monkeys  (Table  30)  (those  three  in  which  the  neutralizing  antibody 
titer  had  fallen  to  ^1:100  by  the  time  of  challenge).  Viremia 
began  on  the  third  day  following  inoculation  and  lasted  for  2  days. 
The  monkey  (E299)  with  a  neutralizing  titer  of  1:100  in  the 


prechallenge  blood  did  not  experience  viremia.  All  monkeys 
developed  high  titers  of  neutralizing,  hemagglutination  inhibiting, 
and  C0B|>lement  fixing  antibodies  (Table  30)in  response  to  the 
challenge. 

Wild  type  dengue-3  challenges  of  immunized  monkeys:  A1 1  monkeys 
in  the  second  group  developed  viremia  following  dengue-3  challenge, 
and  all  developed  a  response  of  HI,  CF,  and  NT  antibodies  (Table  31). 

Reimmunization  with  candidate  dengue-2  vaccine:  In  the  third 
group,  following  booster  immunization  with  dengue-2  candidate 
vaccine,  no  viremia  was  detected,  but  all  monkeys  showed  CF,  HI, 
and  N.  antibody  responses  to  dengue -2  (Table  32). 

Qiallenge  with  wild  type  dengue-2  following  booster  immunizations: 
three  monkeys  which  has  received  the  booster  immunization  were 
challenged  approxiimitely  10  months  later  with  2  x  10®  PFU  of  wild 
type  dengue-2  BM50-76  (Table  33).  No  viremia  was  documented  in  any 
of  the  challenged  monkeys  and  again  all  redeveloped  high  titers  of 
CF,  HI,  and  N  antibodies. 

14.  Isolation  of  Influenza  Viruses  During  the  1977-1978 
Epidemic 

OBJECTIVE :  To  define  the  etiologic  agent  of  the  1977-1978 
influenza  outbreak  in  Thailand. 

BACKGROUND :  Since  the  pandemic  of  1968  (51,  52)  influenza  has  not 
been  a  major  public  health  problem  in  Southeast  Asia.  Only  minor 
outbreaks  have  been  reported  in  rural  residents  (53,  54)  and  in  an 
isolated  hill  tribe  of  northeast  Thailand  (55).  This  report 
summarizes  observations  made  during  an  influenza  outbreak  in  Bangkok 
and  surrounding  provinces  in  .January  and  February,  1978, 

METHODS:  Throat  washings  were  obtained  from  patients  with  acute 
influenza- like  syndromes.  Specimens  were  treated  with  an  anti¬ 
bacterial  and  antimycotic  solution,  and  inoculated  into  the  amniotic 
sac  of  nine  to  ten  days  old  embryonated  chicken  eggs.  Amniotic  and 
allantoic  fluid  were  harvested  48  to  72  hours  later.  The  presence 
of  hemagglutinatlng  virus  was  detected  using  0.5%  chicken  red  blood 
cells.  Identification  of  influenza  virus  Isolates  was  performed 
by  hemagglutination  inhibition  tests  employing  reference  anti-sera 
prepared  for  prototype  Influenza  strains. 


Table  34.  H«MgglutiMtion  inhibition  Test  for  Identification 
of  Influenza  Isolates  1978 
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RESULTS:  Sporadic  clinical  cases  of  influenza  were  observed  in 
Bangkok  in  early  January  1978.  During  this  month  three  of  four 
specimens  submitted  from  Children's  Hospital  were  positive  for 
influenza.  These  Isolates  were  closely  related  to  influenza 
A/FlVl/47  (HlNl),  which  had  recently  been  reported  to  be  causing 
an  outbreak  in  Moscow.  A  wide  outbreak  began  in  Bangkok  in  early 
February  1978  and  affected  mostly  young  adults.  Fifty-six  throat 
washings  were  collected  from  children  at  four  Bangkok  schools  with 
typical  influenza- like  syndromes.  Fifteen  hemagglutinating 
agents  were  isolated.  In  a  city  near  Bangkok,  Prachinburi,  an 
outbreak  occurred  in  late  February.  Four  of  14  throat  washing 
from  ill  school  children  were  positive. 

Hie  overall  rate  of  isolation  was  22  out  of  74  cases.  All  isolates 
were  shown  to  be  closely  related  to  A/FM/1/47  and  A/USSR/90/77 
(HlNl)  (Table  34).  All  isolates  were  from  children  and  young  adults 
ages  from  8  to  20  years  old;  however,  clinical  illness  was  rare  in 
adults  and  therefore  no  specimens  were  obtained  from  adults. 

Isolates  ware  forward  to  Walter  Reed  Army  Institute  of  Research, 
to  the  Center  for  Disease  Control  in  Atlanta  and  to  the  WHO  reference 
center  in  London  for  confirmation. 

15.  Ecology  and  Epidemiology  Studies  of  Dengue  Viruses  in 
Din  Daeng,  Bangkok,  Thailand 

OBJECTIVES: 

1.  To  determine  the  seasonal  incidence  of  apparent  and  inapparent 
dengue  virus  infections  in  Bangkok  adults  and  children. 

2.  To  establish  the  duration  and  magnitude  of  the  antibody 
response  to  primary  and  secondary  arbovirus  infection,  including 
dengue  viruses  type  1,  2,  3,  4  and  .Japanese  encephalitis  (JE) 
virus. 


3.  To  assess  experimentally  the  ability  of  wild  A.  aegypti 
to  serve  as  a  vector  of  dengue  viruses  on  a  seasonal  basis. 

4.  To  determine  the  seasonal  prevalence  rate  of  dengue  viruses 
in  adult  and  immature  A.  aegypti  populations. 

5.  To  determine  the  population  density  of  the  wild  A.  aegypti 
population  on  a  seasonal  basis  and  seasonal  availability  and 
utilization  of  aritficial  containers  by  this  species  for  oviposition. 
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BACKGROUND;  Epidemiological  and  ecological  investigations  have 
shown  that  dengue  viruses  are  endemic  in  Bangkok  and  that  the 
primary  vector  and  vertebrate  host  are  Aedes  aegypti  and  man, 
respectively  (56,  57).  Apparent  human  infections  occur  throughout 
the  year.  However,  a  marked  increase  n  the  incidence  of  illness 
has  been  observed  during  the  rainy  sea- on  (June -Sept ember),  and 
age  specific  attack  rate  data  have  pliu  ed  children  IS  years  of  age 
or  less  at  greatest  risk  (57).  Early  findings  indicated  that  the 
variation  in  the  incidence  of  infection  was  related  to  the  population 
density  of  A.  aegypti  (58).  More  recent  data  suggest  that  the 
magnitude  oT  change  In  absolute  population  size  of  A.  aegypti  in 
Bangkok  was  not  large  enough  to  explain  the  seasonal  fluctuations 
in  the  incidence  of  apparent  dengue  virus  infection  (59).  The 
latter  investigation  was  extended  to  consider  the  longevity  and 
blood  feeding  patterns  of  A.  aegypti.  Data  did  not  show  seasonal 
variation  in  24  hour  survival;  however,  biting  rates  appeared  to 
vary  as  indicated  by  a  marked  decrease  during  the  cool  season  of 
the  year  (60).  According  to  the  authors,  the  decrease  in  biting 
rates  and  a  possible  Increase  in  the  length  of  the  extrinsic 
incubation  period  of  the  vector  may  cause  the  decrease  in  the 
incidence  of  dengue  virus  infections  in  man  during  this  part  of 
the  year. 

Except  for  the  rainy  season,  data  relative  to  the  seasonal  prevalence 
rates  of  dengue  viruses  in  the  A.  aegypti  population  of  Bangkok  is 
lacking.  In  addition,  no  consideration  has  been  given  to  the  vector 
competence  of  this  species  during  the  different  seasons  of  the  year. 
Available  data  have  shown  that  temperature  affected  the  degree  of 
susceptibility  of  mosquito  to  infection  with  arboviruses  and  the 
time  required  before  trai\smission  of  arbovinis  was  uccomj>lished  by 
bite  (61,  62).  These  factors  and  the  possibility  of  seasonal 
changes  in  longevity,  biting  activity,  etc.  of  A.  aegypti  may  prove 
to  influence  the  seasonal  variation  in  prevalence  o f  dengue  viruses 
as  well  as  the  apparent  variation  of  the  circulation  of  different 
dengue  virus  serotypes  in  the  mosquito  and  human  population. 

Transuvarial  transmission  of  arboviruses  in  their  respective  natural 
mosquito  vectorshas  been  proven  for  some  California  encephalitis 
group  viruses  (63,  64).  Recent  experimental  findings  have  shown 
that  dengue  viruses  and  JE  virus  can  be  transmitted  transovarially 
by  Aedes  albopictus  (65,  66).  Evidence  of  transovarial  transmission 
of  dengue  viruses  in  natural  populations  of  iwisquitoes  has  not  been 
report  ed . 


Estinuitcs  of  A.  aegypt i  population  density  employing  human  biting 
and  landing  counts,  sweep  nets,  aspiration-vacuum  sweep  of  resting 
adults,  and  dipping  collections  for  larvae  and  pupae  are  biased  by 
a  number  of  individual  human  traits  dependent  on  the  collectors 
(67).  Other  collecting  techniques,  developed  to  avoid  these 
problems  include  the  pyrethrin  knockdown,  oviposit  ion  traps,  and 
the  one  larvae  per  container  techniques.  The  former  test  is  biased 
by  space,  timing,  and  sealing  problems,  and  a  reluctance  of  the 
collectors  to  work  in  the  presence  of  pyrethrin  aerosol  spray. 

The  latter  two  techniques  are  better  tools,  but  they  cannot  be 
employed  alone  for  population  density  estimates. 

METHODS :  Study  area:  The  study  area  for  this  investigation  was  a 
section  of  the  Din  Daeng  area  of  Bangkok  (Figure  2).  The  area  is 
circumscribed  by  Prachasonkro  Road  on  the  north,  Soi  Charasongkhro 
on  the  west ,  Din  Daeng  I  Road  on  the  east  and  Klong  S;un  Sen  on  the 
south.  Included  in  the  area  are  20  four-floor  apartment  buildings, 
many  two-three  storey  shop-houses,  approximately  4  acres  of 
confluent  single  storey  slum  dwellings  and  a  few  single  or  two 
storey  residential  homes.  The  total  human  population  of  the  study 
area  was  between  15,000  to  14,000. 

Census  of  the  population  ttnd  mapping  of  the  area:  One  hundred 
families  of  the  Din  Daeng  study  area  that  had  a  child  attending 
Philbuonprachasan  School  were  randomly  selected  for  the  study. 

Each  family  was  interviewed  regarding  address,  income  level,  occupa¬ 
tion,  family  si:e,  ages,  general  health,  and  cultural  and  behavioral 
practices  possibly  related  to  disease  recognition.  Interviews  of 
the  families  and  the  mosquito  habitat  surveys  were  conducted  con¬ 
currently  and  on  a  seasonal  basis.  The  entire  area  was  mapped  in 
regard  to  layout  of  housing,  streets  and  other  permanent  landmarks. 

Dengue  virus  infection  of  the  humtin  population:  The  seasonal 
incidence  of  dengue,  Chikungunya,  and  JE  infections  was  based  on 
seroconversion  rates  determined  by  hemagglutination  inhibition 
tests  (68).  Blood  was  obtained  from  family  members  before  and 
after  each  season  of  the  year.  Overt  dengue  virus  infections  were 
determined  by  bi-weekly  visits  to  the  residence  of  each  family  in 
the  study  population.  Classification  of  apparent  and  inapparent 
infection  was  based  on  previously  defined  criteriti  (69,  70). 

Seasonal  assessment  of  the  vectorial  capacity  of  A.  aeg>’pti: 

A.  aegypt i  larvae  were  collected  from  wild  populations  within  the 
Din  Daeng  study  area.  Adult  mosquitoes  reared  from  the  larvae 
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wer«  allowed  to  ingest  graded  doses  of  dengue  virus  to  establish 
the  threshold  level  of  infection.  The  extrinsic  incubation  period 
was  deterodned  by  allowing  individual  mosquitoes  to  ingest  normal 
blood  from  a  hanging  drop  suspension  at  intervals  after  the  mosquitoes 
ingested  dengue  viruses  (71).  An  aliquot  of  the  remaining  blood 
suspension  was  assayed  to  detennine  if  a  particular  mosquito  secreted 
virus  while  feeding.  Assay  of  blood  and  mosquitoes  for  virus  was 
performed  by  plaque  assay  employing  LLC-Mk,  cells  (72).  Temperature 
and  humidity  were  monitored  continuously  dQring  the  experiments 
and  were  maintaineii  similar  to  that  of  the  study  area. 

Seasonal  dengue  virus  prevalence  rates  in  A.  aeg^T)ti:  Adult 
A.  ae^^pti  and  iwaature  stages  of  this  species  will  be  assayed 
Tor  virus  by  the  the  mosquito  inoculation  technique  employing 
Toxorhychites  splendens  as  a  bioassay  host  (73). 

Survey  of  mosquito  larval  habitats:  The  availability  of  A.  aegypti 
larval  habitats  and  the  utilization  of  these  sites  by  this  species 
was  determined  during  each  season  of  the  year.  Residences  of  the 
100  families  in  the  study  were  surveyed  indoors  and  outdoors  to 
determine  the  total  nuni'er  of  potential  and  positive  larval  breeding 
sites.  A  definition  for  containers  inside  or  outside  of  houses 
was  determineii  on  the  basis  of  a  roof  or  roof-like  structure  above 
the  container(s) .  Lids  may  occur  on  containers  in  both  categories; 
however,  if  rainwater  could  flow  or  fall  into  the  containers,  then 
it  was  considered  to  be  outside.  I'ach  container  was  searched 
thoroughly  employing  a  flashlight  and  a  4  oi.  suction  syringe  for 
A.  aegypti  larvae  and  pupae. 

A  standardized  water  container  (ong  jar)  was  placed  in  the  residence 
of  each  of  the  100  families  selected  for  study.  These  jars  will 
serve  to  provide  estimates  of  the  population  density  of  A.  aegypt i 
obtained  through  concurrent  emj'loyment  of  different,  complementary 
sampling  techniques.  Each  sampling  device  is  being  designed  to 
focus  on  a  certain  life  stage,  behavioral  factor,  and/or  physiological 
state  of  the  mosquito  population.  The  sampling  methods  (traps) 
described  below  are  being  designed  to  eliminate  the  bias  of  the 
human  traits  listed  above  and  will  be  cm|iloyed,  provided  preliminary 
tests  show  them  to  be  reliable  and  effective  stimpling  devices. 

A  floating  larval  trap  will  be  used  to  determine  the  population 
density  of  A.  aegypt i  larvae  and  pupae.  These  traps  will  be  used 
on  a  rotating  scliedule  throughout  the  100  family  units  and  collections 
will  bo  made  during  one  24  hour  period  each  week. 


Energence  cone  traps  that  fit  over  the  nouth  of  water  jars  will 
be  used  to  determine  adult  emergence  patterns  and  densities 
during  each  season  of  the  year.  Gravid  adults  captured  in  these 
trap  will  be  separated  from  the  newly  emerged  mosquitoes  and  will 
be  used  for  virus  isolation  studies. 

An  estimate  of  the  oviposition  rate  of  A.  aegypti  will  be  determined 
seasonally  by  estimating  the  number  of  gravid  females.  This  will 
be  determined  by  capturing  gravid- females  in  a  specially  designed 
trap  that  captures  the  female,  but  does  not  allow  her  to  reach 
a  substrate  for  oviposition.  The  gravid  condition  of  trapped 
females  will  be  confirmed  by  microscopic  examination  and  gravid 
females  will  be  saved  for  virus  isolation  attempts. 

Additional  sampling  for  estimating  the  adult  density  will  be 
attempted  by  using  a  suction  type  trap.  This  trap  will  be  designed’ 
to  sample  active  flying  adults,  or  by  attracting  them  to  a  resting  ^ 
site.  All  females  trapped  by  this  method  will  be  assayed  for  virus. 

RESULTS :  To  assess  the  possible  error  because  of  biased  sampling 
of  the  adult  population  of  Din  Daeng,  le.g.  those  adults  who  are 
always  at  home  have  a  greater  chance  of  being  sampled)  the  serum 
specimens  collected  from  adults  in  the  Din  Daeng  area  during  the 
dry  season  survey  were  tested  for  arboviral  antibody.  Of  94  adults, 
ranging  in  age  from  19  to  70,  92  {981>)  had  evidence  of  flavivirus 
infection  and  74  (79\)  had  evidence  of  alphavirus  infection.  Because 
of  these  very  high  rates  of  seropositivity  and  a  lack  of  male/female 
difference  or  age-dependent  variation,  the  adult  sample  was  considered 
adequate.  All  other  antibody  determinations  are  in  progress. 

The  development  of  techniques  for  vector  compentence  studies  was 
hampered  by  the  refusal  of  A.  aeg\pt i  to  ingest  virus-blood  suspension. 
Subsequent  experiments  in  which  the  virus-blood  suspensions  were 
supplemented  with  10%  sucrose  yielded  a  90  to  100%  feeding  rate. 
Preliminary  results  indicated  that  this  technique  was  effective  for 
infecting  colony  A.  aegypt i  with  dengue  virus  types  1,  2  and  3.  Ten 
to  20%  of  the  mosquitoes  became  infected  after  ingesting  4,0 
SMICLD^q/I.O  ml.  of  dengue  virus  t>pe  1.  After  ingesting  b.O  IoRjq 
SMICLD^-  of  the  same  virus  tNqje,  the  infection  rate  increased  to 
60%.  Approximately  20%  of  the  A.  aetypt i  became  infected  by 
employing  a  dose  of  6.5  IoRiq  .SMIi'lD^^  of  dengue  virus  t>qie  2.  A 
similar  dose  of  dengue  virus  type  3  yielded  an  infection  rate  of 
60  to  90%.  A.  aeg>'pt i  failed  to  become  infected  after  ingesting 
5.0  logjQ  SMICLD^j,  of  dengue  virus  ty]ie  4.  Attempts  to  demonstrate 
transmission  of  oengue  viruses  by  infected  A.  aegyp>t i  wore  not 
successful . 
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Studies  are  in  progress  to  assess  tJie  i.apability  of  A.  aegypti 
of  the  Din  Daeng  study  area  to  serve  as  a  vector  of  dengue  viruses 
during  different  seasons  of  the  year  and  to  correlate  vector 
conpetence  of  A.  aegypti  populations  with  the  genetic  composition 
of  this  species.  A  description  and  the  results  of  studies  to 
develop  techniques  for  establishing  the  genetics  of  A.  aegypti 
populations  are  reported  in  the  Entomology  Section  of  this  Annual 
Progress  Report. 

A.  aegypti  larvae  were  collected  for  transovarial  transmission 
studies  from  the  premises  of  50  houses  of  dengue  hemorrhagic  fever 
patients  in  Bangkok.  A  total  of  531  pools  consisting  of  13,005 
larvae  were  collected  from  1  November  1977  through  20  March  1978. 
Attempts  to  isolate  dengue  virus  from  172  pools  (4,280  larvae) 
were  unsuccessful.  Of  the  172  pools,  100  were  assayed  by  direct 
and  delayed  plaque  technique  and  by  the  mosquito  inoculation  technique 
in  conjunction  with  fluorescent  antibody  assay.  The  other  pools 
were  assayed  by  the  latter  technique.  Attempts  to  isolate  dengue 
viruses  from  two  pools  of  25  females  and  four  pools  of  42  male 
A.  aegypti  reared  from  field  collected  larvae  wen  unsuccessful. 

The  number  of  A.  aegypti  larvae  collected  during  each  month  and 
the  average  number  of  larvae  obtained  from  each  house  is  presented 
in  Table  35.  A.  aegypti  larvae  were  found  in  76.6%  (49/64)  of  the 
houses.  Of  12,318  of  the  total  13,005  larvae  collected,  32.8%  and 
67.2%  were  collected  from  containers  located  inside  and  outside  of 
the  house,  respectively.  A.  aegypti  larvae  collected  inside  houses 
were  obtained  from  water  jars  located  in  bathrooms  (45%)  water  jars 
in  kitchens  (22%),  water  jars  in  bedrooms  (13%)  and  the  remainder 
were  found  in  water  jars  in  unspecified  locations.  Ninety-five 
percent  of  the  larvae  collected  outside  houses  were  found  in  water 
jars  and  5%  were  obtained  from  clayjiots,  tin  cans,  tires  and  ant- 
traps.  The  average  number  of  A.  aegypti  collected  per  house  was 
203;  however,  the  density  of  the  larvae  population  was  associated 
with  a  decrease  in  the  number  of  larvae  occurring  in  both  inside 
and  outside  breeding  containers.  Containers  of  20  houses  were 
sampled  a  second  time  during  .January,  February,  and  March  1978. 

A.  aegypti  larvae  were  present  in  all  houses;  however,  the  number 
of  larvae  collected  was  1,768  lompared  to  3,706  larvae  obtained 
during  November  and  Deceml)er,  1977.  Virological  and  ecological 
investigations  of  A.  aegypti  larvae  will  continue  but  the  studies 
will  be  conducted  in  Din  Oaeng  stiuly  area  as  described  in  this 
report. 

Investigations  of  the  seasonal  .i  .  ,i i  1  abi  1  ity  and  utilization  of 
artificial  containers  by  A.  aeg/jit  i  in  the  Din  Daeng  study  area 
began  in  April  1978.  I'he  residence  of  each  of  the  100  families 
was  surveyed  inside  and  outside  during  the  dry  season,  3-18  April, 
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and  the  early  wet  season,  30  May  -  15  June.  Natural  containers 
were  not  found  during  either  survey,  as  vegetation  is  practically 
non-existent  in  this  densely  packed  urban  area.  The  most  common 
containers  with  water  found  in  the  residences  were  clay  ceramic 
water  (ong)  jars,  ant  traps,  flower  vases,  tin  cans,  plastic 
buckets  and  pans,  and  cement  water  basins.  A  seasonal  comparison 
of  the  containers  with  water  and  those  with  A.  aegypti  is  shown 
in  Table  36.  Initially,  "containers  with  water"  was  considered  a 
valuable  index,  however,  the  subjectiveness  of  deciding  which 
container  should  be  counted  (numerous  plastic  wash  basins,  buckets, 
etc.  that  are  used  daily)  has  made  accurate  counts  nearly  impossible. 
Consequently,  "containers  with  A.  aegypti"  is  considered  to  be  the 
most  valuable  index.  As  shown  in  Tables  36to38  there  was  a 
considerable  increase  in  the  number  of  A.  aegypti  positive 
containers,  both  inside  and  outside  houses,  between  the  dry  season 
and  the  early  wet  season.  In  addition,  houses  positive  for  A.  aegypti 
larvae  increased  from  24%  during  the  dry  season  to  43%  for  the 
early  wet  season. 

The  seasonal  prevalence  of  A.  aegypti  larvae  and  pupae  inside  and 
outside  houses  of  different  residential  types  is  summarized  in 
Tables  39and  40.  These  data  demonstrated  an  increase  in  A.  aegypti 
positive  containers  both  inside  and  outside  of  houses  between  the 
dry  season  and  the  early  wet  season.  The  only  residential  type  not 
affected  by  the  seasonal  increase  in  water  available  to  the  family 
units  was  the  high  rise-flats  for  outside  containers.  Figure  3 
depicts  the  monthly  precipitation  levels  as  recorded  by  the  Bangkok 
Meteorological  Station.  The  slum  residences  yielded  the  highest 
number  of  A.  aegypti  positive  containers  and  family  houses  during 
both  seasons.  However,  shop-house  residences  had  ■^he  highest 
percentage  of  inside  positivity  for  A.  aegypt i  during  the  early  wet 
season.  These  data  suggest  that  the  slum  residences  maintain  the 
largest  reservoir  of  A.  aegypti  through  the  dry  season. 

An  inexpensive  larval  trap  designed  to  float  on  the  water  surface 
in  water  jars  has  been  developed  and  tested  (Table  41.  This 
circular  trap  is  made  of  clear  plastic  and  measures  approximately 
13  cm  in  diameter  and  13-14  cm.  in  depth.  The  trap  is  designed 
such  that  larvae  moving  vertically  toward  the  surface  of  the  water 
are  captured  by  passing  through  the  aperture  of  the  apex  of  a  cone 
that  leads  into  the  collecting  container.  The  data  suggest  that 
this  trap  is  a  highly  efficient  collector  of  A.  aegypti  and  Culex 
qu i nque  f as  c i at  us  larvae  and/or  pupae  (Table  41  and  42.  Although 
the  trap  is  free  of  human  collecting  bias,  the  high  returns  in 
just  24  hours,  suggest  that  the  trap  is  biased,  probably  because 
larvae  congregate  around  floating  objects. 
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dwellings  used  during  both  surv'eys 


Table  39  The  Seasonal  Utilization  of  Containers  Inside  100  Houses*by  Aedes  aegvnti  Larvae  and/or  Pupae 
for  Different  Types  of  Residences  and  the  Number  of  Larvae  and/or  Pupae  Pooled  for  Virus 
Isolation  Studies 
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Table  41  Aedes  aeavptl  Larvae  Captured  In  Traps  During  a  24  Hour  Period 


Trials* 

Date 

Test 

Ends 

Larvae  Trapped  Per  Container 

Captured 

Trap  1 

Trap  2 

- 1 

Trap  3 

Trap  4 

Trap  5 

Total 

1 

4  Aug 

24 

56 

70 

B 

BB 

2 

8  Aug 

31 

59 

18 

BH 

3 

11  Aug 

57 

74 

67 

345 

4 

16  Aug 

69 

61 

58 

56 

267 

MM 

5 

18  Aug 

67 

64 

72 

45 

B 

310 

m 

Total 

248 

314 

310 

256 

240 

1,368 

54.7 

Table  42  Culex  qulnquefasclatus  Larvae  Captured  In  Larvae  Traps 
Dur Ing  a  24  Hour  Period 


Trials* 

Date 

Test 

Ends 

Larvae  Trapped  Per  Container 

Captured 

Trap  1 

Trap  2 

Trap  3 

Trap  4 

Trap  5 

Total 

X 

n 

4  Aug 

71 

54 

62 

74 

24 

285 

57.0 

8  Aug 

47 

30 

71 

67 

64 

279 

55.8 

11  Aug 

56 

27 

52 

60 

283 

56.6 

16  Aug 

62 

40 

84 

85 

346 

69.2 

n 

18  Aug 

_ _ 

65 

76 

65 

43 

60 

309 

61.8 

Total 

301 

227 

334 

347 

293 

1,502 

60.1 

A 

Each  trial  tested  5  replicates,  each  Involving  one  trap  per  each 
27  liter  water  Jar  and  100  fourth  stage  larvae  per  jar. 
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Three  different  types  of  mosquito  emergence  traps,  two  types  of 
oviposition  container  traps,  and  four  modified  electric  suction 
traps  (without  light)  have  been  developed  and  partially  tested. 

Thus  far,  the  tests  on  the  emergence,  oviposition  and  electric 
suction  traps  have  proven  inconclusive.  Development  and  testing 
of  traps  for  sampling  A.  aegypti  densities  will  continue.  The 
larval  trap  is  schetiuled  to  be  placed  in  the  residence  of  the  100 
family  units  in  October  5078  and  to  be  used  as  a  routine  sampling 
device  thereafter.  After  reliable  sampling  techniques  are  developed, 
investigation  will  be  initiated  to  consider  the  remaining  objectives 
of  this  study. 

16.  Virological  and  Pathological  Observations  of  Dengue 
Virus  Replication  in  Subcutaneously  Innoculated 
Rhesus  Monkeys 

OBJECTl VE :  To  examine  the  skin  and  the  local  lymph  nodes  of 
experimental ly  inoculated  monkeys  for  virus  isolation  and 
pathological  evii'ence  of  dengue  virus  replication 

BACKGROUND :  Experimental  studies  have  shown  that  dengue  virus 
can  be  recovered  from  the  site  of  inoculation  and  from  the  local 
draining  lymph  ncKles  of  Indian  Rhesus  monkeys  (Macaca  malatta)  (74). 
Investigations  have  not  been  conducted  to  determine  if  pathological 
changes  are  associated  with  virus  replication.  This  study  was 
designed  to  confirm  and  to  extend  the  virological  findings  and  to 
examine  the  local  histopathologica 1  changes  associated  with  dengue 
virus  replication.  In  addition,  immunoflourescent  and  electron 
microscopic  studies  aimed  at  identifying  the  site  of  dengue  virus 
replication  were  conducted. 

METHODS:  The  monkeys  employed  had  been  used  in  malaria  studies 
and  all  had  been  found  to  be  free  of  dengue-2  virus  neutralizing 
antibody.  Each  experimental  monkey  (F-77,  F-78,  F-79)  was  inoculated 
at  nine  different  sites  via  the  subcutaneous  route  with  dengue-2 
virus  (BM50-76,  LLC-Mk^) ,  0.5  ml  per  injection  site,  (Figure  4). 

The  amount  of  virus  in'^the  inoculum  was  determined  by  standard 
plaque  assay  at  37°C  employing  LLC-Mk-  cell  cultures.  One  control 
monkey  (F-80)  was  inoculated  with  virus-free  1,LC-Mk  tissue  culture 
fluid.  Each  monkey  was  anesthetized  with  phencycliain  hydrochloride 
and  elliptical  biopsy  specimens  were  obtained  from  the  skin  at  30 
minutes,  24,  48,  72  and  96  hours  and  at  days  11  and  15  post-inocula¬ 
tion.  Biopsy  specimens  of  local  lymph  nodes  were  obtained  at  24, 

48,  96  hours  and  on  day  7  post-inoculation.  Each  biopsy  specimen 

was  divided  into  four  parts.  ^ 
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One  part  of  each  specimen  was  placed  in  4  ml  of  Hanks  balanced 
salt  (HBS)  medium  supplemented  with  10%  calf  serum.  Specimens 
were  processed  for  virus  isolation  according  to  the  explant  culture 
technique  (75)  of  Narchette.  Fragments  of  tissues  were  washed 
twice  in  phosphate  buffered  saline  (PBS)  pH  7.9,  minced  with 
sterile  scissors,  and  then  washed  a  third  tiaie  in  PBS.  The  minced 
tissue  was  suspended  in  4.0  ml  of  medium  199,  15%  calf  serum,  1% 
glutamine  and  200  units  of  penicillin/ml  and  200  ug  of  streptomycin/ 
ml.  Each  tissue  suspension  was  inoculated  onto  LLC-Mk.  cell  cultures 
and  incubated  at  37°C  for  7  days.  Medium  of  cell  cultures  was 
removed  and  replenished  every  3  days.  Virus  isolation  atteopts 
were  conducted  on  this  medium.  On  day  ’  post- inoculation,  cell 
cultures  were  subjected  to  a  freeze-tha'  cycle  and  submitted  for 
virus  isolation  studies.  Suspensions  o.  medium  and  cell  cultures 
were  tested  for  virus  by  the  direct  and  ielayed  plaque  assay 
technique. 

The  remaining  portions  of  each  biopsy  specimen  were  sent  to  the 
Department  of  Pathology,  Ramathibodi  Hospital,  Mahidol  University 
for  electron  microscopy,  histopathology  and  for  direct  flourescent 
antibody  studies.  One  portion  was  dehydrated  at  4°C  in  a  graded 
series  of  alcohol  and  then  embedded  in  epoxy  resin.  Ultrathin 
sections  were  examined  with  a  Hitachi  electron  microscope.  Model 
HU-12A  OY  HS-8.  Histopathology  studies  were  performed  on  10% 
buffered  formalin  fixed  portions.  Specimens  for  direct  F.A. 
investigation  were  quick  frozen  in  a  dr^  ice  -  isopentane  mixture. 
Sections,  4-6  u  thick,  were  made  at  -20°C  with  a  cryostat,  placed 
on  slides,  and  air  dried.  Slides  were  fixed  in  2-octanol  at  -30”c 
for  30  minutes,  dried  at  4°C  for  one  hour  and  stained  with  Fite 
labeled  dengue  virus  antibody. 

All  monkeys  were  examined  on  the  day  before  inoculation  and  daily 
throughout  the  experiment.  Blood  was  obtained  from  each  monkey 
on  day  0  pre- inoculation  and  on  days  1  through  11,  and  on  days  15, 

30  and  60  post-inoculation. 

Each  blood  specimens  was  submitted  for  hematology  studies  to 
determine  hemoglobin,  hematocrit,  white  blood  count  and  platelet 
count.  In  addition,  serum  and  plasma  were  tested  for  antibody, 

SOOT,  SGPT  total  protein  level  and  for  virus,  respectively.  Virus 
isolation  attempts  were  performed  on  peripheral  blood  leukocytes 
and  on  plasma  by  direct  and  delayed  plaque  assay  employing  LLC-Mk2 
cell  cultures  at  37  l.  Serology  was  performed  by  hemagglutination 
inhibition  and  complement  fixation  tests  employing  Dengue  1-4 
and  Chikungunya  antigens.  The  plaque  reduction  neutralization 
test  was  performed  against  dengue-2  virus. 


Table  43  Specimens  from  Monkeys  Yielding  Dengue-2  Virus 


4onkey  No. 

Day  Positive  Virus  Isolation 

Inoculation 

Plasma  Leukocytes  Skin  Lymph  node 

F-77 

BM50-76 

Mk2-2(D-2  1.4, 5, 6  -  4,5  4,7 

1.1x10^  PFU 

SQ  X  9 

F-78 

BM50-7b 

Mk,-2(D-2)  2,4  S  1,2,7  2,7 

1.1x10^  PFU 

SQ  X  9 

F-79  • 

BMSO-70 

Mk2-2(D-2)  2,4,5  -  3 

1.1x10^  PFU 

SQ  X  9 

F-80 

Uninfecteil 

Mk,  culture  3,4,5,b  -  5,7 

fluid  SQ  X  9 

r 


Table  Reciprocal  Hemagglutination  Inhibition  Titers  by  Day  Following 
Inoculation  of  Monkeys  with  Dengue-2  Virus 


Monkey 

Number 

Day 

Follow  i 

Reciprocal  Hemagglutination 

Inhibition 

Titers 

Inocul  \i  ■ 

Den-1  Den-2  Den-3 

Den-4 

CHIK 

F-77 

D-0 

<10 

<10 

:io 

<10 

<10 

D-IS 

320 

1280 

i280 

2560 

<10 

D-30 

80 

320 

160 

640 

<10 

D-60 

40 

160 

80 

320 

<10 

D-180 

80 

320 

160 

320 

<10 

F-78 

D-0 

<10 

<10 

<10 

<10 

<10 

D-15 

160 

640 

640 

2560 

<10 

D-30 

80 

160 

320 

640 

<10 

D-60 

40 

160 

80 

320 

<10 

D-180 

40 

80 

80 

320 

<10 

F-79 

D-0 

<.10 

<10 

<10 

<10 

<10 

D-15 

160 

640 

320 

1280 

<10 

D-30 

80 

320 

160 

640 

<10 

D-60 

80 

160 

80 

320 

<10 

D-180 

80 

160 

160 

320 

<10 

F-80 

D-0 

<10 

<10 

<10 

CIO 

<10 

D-IS 

80 

320 

160 

640 

<10 

D-30 

80 

160 

160 

320 

<10 

D-60 

40 

160 

40 

320 

<10 

D-180 

20 

80 

40 

40 

<10 

*  Inoculum  BM50-76  (LLC-Mk^-2)  1.1  x  10^  PFU 
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FIGURE  4  SKIN  AND  LYMPH  NODE  BIOPSY  SITES 


RESULTS :  Hematologic  ajid  Biochemical  findings  were  normal.  The 
results  of  virus  isolation  studies  performed  on  monkeys  after 
inoculation  of  1.2  x  10^  plaque  forming  units  (PFU)  of  dengue-2 
virus  per  site  are  presented  in  Table  43. 

Virus  was  recovered  from  plasma  ;ind  skin  of  all  monkeys,  whereas 
leukocytes  of  only  one  monkey  and  lymph  lodos  of  two  monkeys 
yielded  virus.  The  recovery  of  virus  f  om  skin  and  plasma  of  the 
control  monkey  was  probably  due  to  eith  r  inadvertent  innoculation 
with  a  syringe  containing  virus  or  cont;'mination  of  surgical  tools 
used  during  the  performance  of  biopsies  Lymph  nodes  taken  from 
this  monkey  on  day  1  and  2,  before  detes.table  viremia,  served  as 
negative  controls  for  pathology  studies.  All  infected  monkeys 
developed  broadly  cross-reactive  HI  antibody  to  all  4  dengue  virus 
serotypes  (Table  ^“^3  • 

Ultra-structural  studies  of  the  cells  of  the  primary  lymph  nodes 
showed  the  consistent  observation  of  one  or  a  few  viral  lattice 
crystals  in  the  cytoplasm  of  occasional  reticulum  cells;  in  the 
cytoplasm  of  the  endothelial  cells  of  the  capillaries  and  post¬ 
capillary  venules,  in  the  cytoplasm  of  the  macrophages,  and  in  the 
cytoplasm  of  lymphocytes  in  the  cortical  and  paracortical  areas. 

Some  plasma  cells  also  were  observed  to  contain  the  c’,stals.  The 
lattice  crystals  measured  0.1  to  5  um  in  size,  consisted  of 
individual  spherical  dense  particles  of  30-35  nm  in  a  paracrystalline 
arrangement,  and  were  usually  enclosed  by  a  membranous  structure 
associated  with  the  cisterna  of  the  rough  endoplasmic  reticulum. 

These  viral  crystals  were  not  seen  in  control  lymph  nodes.  Results 
of  histopathology  and  immiuiof luorcscent  studies  are  not  yet  com^’lete. 

17.  Evaluation  of  .Aedes  aegypti,  Armigeres  subalbatus,  and 

Toxorhynchites  splendens  as  Bioassay  Hosts  for  Oengue  Viruses 

OBJECTIVES: 

1.  To  determine  the  feasibility  and  effectiveness  of  employing 
Toxorhynchites  splendens  as  a  bioassay  host  for  dengue  viruses. 

2.  To  compare  .Aedes  aegypt i  and  Armigeres  suba Ibatus  to 
Toxorhynchites  splendens  for  detection  and  propagation  of  dengue 
viruses. 

BACKGROUND :  The  mosquito  species  A.  a 1  bop ictus  has  been  reported 
to  be  a  more  sensitive  bioassay  host  th;ui  conventional  cell  culture 
techniques  for  detecting  and  propagating  dengue  viruses  (7b). 

Studies  conducted  at  AFRIMS  to  develop  the  nwsquito  assay  employing 
A.  aegypti  have  yielded  inconsistent  results.  During  1977, 
Investigation  was  initiated  to  assess  T.  sp lendens  as  an  alternative 
bioassay  host  for  dengue  virus  seix>types.  llie  large  size  of 
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T.  splendens  allows  for  an  increase  in  the  volume  of  inoculum  from 
.17  u/1  for  individual  A.  aegypti  to  .85  u/1  for  the  former  species. 
However,  the  exceptionally  long  development  period  of  T.  splendens 
has  posed  a  question  regarding  the  feasibility  of  producing  adequate 
numbers  for  employment  as  a  bioassay  host  for  dengue  viruses. 

METHODS ;  Male  A.  aegypti  were  obtained  from  colonies  established 
and  maintained  in  the  Department  of  Entomology,  AFRIMS.  The  new 
colony,  10th  to  12th  generation,  was  eatablished  from  larvae 
collected  in  Bangkok  during  August  and  September  1977.  The  old 
colony,  unknown  generation,  originated  from  Samui  Island,  Thailand, 
June- July  1968.  The  T.  splendens  colony,  unknown  generation,  was 
established  from  larvae  that  were  collected  in  Bangkok  during 
July  1976.  Male  Armigeres  subalbatus,  unknown  generation,  were 
obtained  from  a  colony  established  during  1966  from  specimens 
provided  by  the  U.S.  Army  Medical  Research  Unit,  Kuala  Lunpur, 
Malaysia. 

Mosquitoes  of  each  species  were  3  to  5  days  old  when  employed  in 
experiments.  A.  aegypti  and  subalbatus  were  reared  and  main¬ 
tained  according  to  standard  laboratory  procedures.  A.  aegypti 
larvae  were  provided  continuously  to  T.  splendens  larvae  and  the 
diet  for  adults  was  honey.  The  procedures  for  rearing  and  main¬ 
taining  T.  splendens  were  modified  in  an  attempt  to  increase  the 
yield  of  this  species.  The  oviposition  substrate  was  changed  from 
bamboo  cups  to  photography  trays  having  a  black  interior.  First 
instar  larvae  were  transferred  to  individual  9  dm.  vials  instead 
of  waiting  to  the  third  instar  stage  of  development  to  avoid  losses 
due  to  cannibalism.  Currently,  T.  splendens  are  being  maintained 
in  45  X  45  X  45  cm.  cages;  however,  more  recent  observations  suggest 
that  this  species  will  reproduce  in  smaller  cages.  The  latter  is 
being  evaluated  in  order  to  increase  rearing  space. 

The  origins  and  passage  levels  of  dengue  stock  viruses  employed 
are  listed  in  Table  45.  Mosquitoes  were  immobilized  and  inoculated 
intrathoracically  according  tomethods  described  previously  (77). 

Usually  five  or  more  T.  splendens  and  20  to  25  A.  aegypti  were 
inoculated  with  each  virus  dilution  and/or  each  human  leukocyte 
suspension,  0.85  ul  and  0.17  ul  per  individual  mosquito,  respectively. 
Virus  dilutions  and  leukocyte  suspensions  were  prepared  in  RPMI 
1640  medium  that  was  supplemented  with  heat-inactivated  fetal  calf 
serum  (FCS) ,  final  concentration  of  10%,  200  units  of  penicillin/ml., 
and  150  ug  of  streptomycin  per  ml.  After  a  14  day  incubation 
period  at  32°C,  mosquitoes  were  stored  at  -70  C  for  virus  assay. 

The  leukocyte  suspensions  were  obtained  from  the  blood  of  clinically 
diagnosed  DHF  patients  of  the  Children's  Hospital  as  described 
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elsewhere  in  this  Report.  All  leitocyte  suspensions  had  been 
assayed  for  dengue  viruses  in  LLC-Mk2  cell  cultures;  however,  the 
technician  was  not  aware  of  the  results  it  the  time  specimens  were 
tested  for  virus  by  mosquito  inoculatior . 

Human  anti-serum  that  had  a  hemagglut inating  Inhibition  titer  of 
1:640  or  greater  to  all  4  dengue  virus  serotypes  was  obtained  from 
patients  of  the  Children's  Hospital.  Anti- serum  shown  to  be 
negative  for  hepatitis  B  surface  antigen  by  radio  immune  assay  was 
pooled  and  labeled  with  fluorescent  isothiocyanate  (FITC).  Tissue 
imprints  of  squashed  mosquito  heads  were  prepared  and  assayed  for 
virus  by  the  fluorescent  antibody  technique  as  described  previously 
(77).  A  1:2  dilution  of  conjugated  antiserum  was  used  throughout 
the  study. 

Tissue  smears  of  mosquito  heads  were  examined  for  fluorescence  with 
the  10  X  and  25  x  objective  of  a  Leitz  fluorescent  microscope  equipped 
with  a  vertical  illuminator.  The  thorax-abdomen  portions  of  mosquitoes 
for  each  virus  dilution  and  for  each  leukoc/te  suspension  were  pooled, 
and  disrupted  by  sonic  energy  in  the  presence  of  1.5  ml.  of  RPMI 
1640  modium,  10%  fetal  calf  scrum,  500  units  of  penicillin/ml.  and 
500  ug  of  streptoraycin/ml .  Thorax-abdomen  suspensions  were  spun  for 
30  minutes  at  10,000  RPMS  in  a  4°C  centrifuge.  Each  suspension  was 
tested  for  virus  in  LLC-Mk2  cells  by  direct  plaque  assay. 

RESULT:  Comparative  results  of  the  propagation  of  high  and  low 
passage  dengue  viruses  in  A.  acgypti  and  T.  splcndens  are  presented 
in  Tables  46  and  47. The  dilution  of  low  and  high  passages  viruses 
that  yielded  fluorescence  in  each  mosquito  species  was  approximately 
the  same,  except  with  high  passage  dengue  4  virus,  which  produced 
fluorescence  at  a  higher  dilution  in  T.  splendens  than  did  low 
passage  dengue  4  virus.  The  titers  of  dengue  viruses  in  each 
mosquito  species  varied  slightly.  l)cngue-4  produced  lower  titers 
as  well  as  inconsistent  HA  results  in  both  A.  aegypti  and  T.  splendens. 
Apparently,  the  problem  was  related  to  the  batch  of  FITC  labeled 
antiserum  as  virus  was  recovered  in  most  cases  from  thorax -abdomen 
suspensions  in  the  absence  of  fluorescence.  Furthermore,  the  use 
of  a  newly  prepared  batch  of  1  rrc  labeled  dengue  virus  antiserum 
led  to  a  marked  increase  in  fluorescence.  The  extent  and  intensity 
of  fluorescence  observed  in  infected  mosquitoes  appeared  to  be 
related  to  the  quantity  of  virus  in  each  mosquito  species. 

Suspensions  prepared  from  thorax-abdomen  of  T.  splendens  consistently 
yielded  more  virus  than  similar  A.  acgypti  suspensions.  Fluorescence 
observed  in  mosquito  head  smears  was  virus  specific  as  indicated  by 
the  recovery  of  virus  in  I.LC-Mk^  cells  from  corresponding  suspensions 
prepared  from  pooled  thorax-abdomens.  Perinuclear  staining  was  the 


Table  45 


Dengue  Viruses  Used  to  Inoculate  Aedes  aegypti. 
Armigeres  subalbatus  and  Toxoriiynchites  splendens 

Date  Passage 

Serotype  Isolated  Level 


Dengue-1  (D75-001) 

1975 

SMB-03 

Dengue-1  (Hawaii) 

1944? 

SNB-16 

Dengue- 2  (013379) 

1974 

SMB-OS 

Dengue -2  (New  Guinea) 

? 

SMB-29 

Dengue-3  (77-2797) 

1977 

SMB-05 

Dengue -3  (H87) 

1956 

SMB-25 

Dengue-4  (D77-050) 

1977 

SMB-03 

Dengue-4  (H241) 

1956 

SMB-32 

1000 


Table  46 


Ccnparative  Titration  of  High  and  Low  Passage 
Dengue  Viruses  in  Aedcs  aegypti  Mosquitoes 


Dengue 


Virus 

Serotype  Passage 

Undil 

1 

2 

3 

4 

5 

6 

D 

1 

SMB-16 

Old 

colony 

5/6* 

6/6 

6/6 

6/6 

4/6 

0/6 

0/6 

D 

1 

SMB-16 

New 

colony 

5/6 

6/6 

5/6 

6/6 

5/6 

0/6 

0/6 

D 

1 

SMB-02 

New 

colony 

6/6 

6/6 

6/6 

6/6 

3/6 

1/6 

0/6 

D 

1 

SMB-02 

Old 

CO lony 

6/6 

6/6 

6/6 

6/6 

3/6 

1/6 

0/6 

D 

2 

SMB-29 

Old 

colony 

6/6 

4/6 

6/6 

6/6 

3/6 

0/6 

0/6 

D 

2 

SMB-29 

New 

colony 

6/6 

6/6 

6/6 

6/6 

4/6 

0/6 

0/6 

D 

SMB-5 

New 

colony 

6/6 

6/6 

6/6 

6/6 

0/6 

0/6 

0/6 

D 

2 

SMB- 5 

Old 

colony 

6/6 

6/6 

6/6 

6/6 

1/6 

0/6 

0/6 

D 

3 

SMB-25 

Old 

colony 

4/6 

6/6 

5/6 

5/6 

1/6 

0/6 

0/6 

D 

3 

SMB-25 

New 

colony 

6/6 

5/6 

5/6 

5/6 

6/6 

0/6 

0/6 

D 

3 

SMB-5 

New 

colony 

ND** 

6/6 

6/6 

6/6 

3/6 

0/6 

0/6 

D 

3 

SMB-5 

Old 

CO lony 

ND 

6/6 

6/6 

6/6 

2/6 

0/6 

0/6 

D 

4 

SMB-32 

Old 

colony 

0/6 

3/6 

0/6 

1/6 

1/6 

0/6 

0/6 

D 

4 

SMB-32 

New 

colony 

1/6 

0/6 

0/6 

0/6 

0/6 

0/6 

0/6 

D 

4 

SMB-32 

Old 

colony 

6/6*** 

6/6 

5/6 

3/6 

1/6 

0/6 

ND 

D 

4 

SMB-32 

New 

colony 

4/4*** 

6/6 

5/6 

2/6 

0/6 

0/6 

0/6 

D 

4 

SMB.03 

New 

colony 

6/6*** 

6/6 

6/6 

5/6 

1/6 

0/6 

0/6 

D 

4 

SMB -03 

Old 

colony 

b/6*** 

5/6 

5/5 

1/5 

0/5 

0/5 

0/5 

•  Number  of  mosquito  head  smears  showing  f luour esc ence/ number  of 
mosquito  head  smears  assayed  for  virus. 

**  Not  done 

***  Results  of  more  recent  experiments  employ  a  new  batch  of  FITC 
labeled  dengue  virus  antiseriun. 


loot 


Table  47 


Comparative  Titration  of  High  and  Low  Passage 


Dengue  Viruses  in  Toxorhynchites  splendens 


Dengue 

Virus  ' 

Serotype  Passage  Undil 


Logtp  Dilutions 


D-1  SM-16  4/4*  4/4  4/4  4/4  4/4  2/4  ND** 

D-1  SM-03  3/3  3/3  4/4  4/4  4/4  2/4  ND 

D-2  SM-29  ND  ND  4/4  4/4  4/4  3/4  0/4 

D-2  SM-05  ND  ND  4/4  4/4  4/4  2/4  0/4 

D-3  SM-25  4/4  4/4  4/4  3/4  3/4  ND  ND 

D-3  SM-05  ND  5/5  4/4  5/5  3/4  1/4  0/4 

0-4  SM-32  1/4  1/4  1/4  0/4  0/4  0/4  ND 

D-4  SM-34  1/4  2/4  1/5  0/4  0/4  0/4  0/4 

D-4  SM-32  4/4***  3/4  4/4  3/4  3/4  3/4  ND 

D-4  SM-34  3/4***  4/4  4/4  3/4  3/4  3/4  ND 


*  Number  of  mosquito  head  smears  showing  flourescence/ number  of 
mosquito  head  smears  assayed  for  virus 

**  Not  done 

***  Results  of  more  recent  experiments  employing  a  new  batch  of 
FITC  labeled  dengue  virus  antiserum. 
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most  conmon  type  of  virus-specific  fluorescence  observed  in 
mosquito  head  smears.  Occasionally  fluorescence  was  observed  as 
granule- and/or  flake-like  particles  scattered  over  the  surface  of 
tissue  smears  prepared  from  infected  and  uninfected  mosquitoes. 

Virus  was  not  detected  in  thorax- abdomen  suspensions  associated 
with  head  smears  that  exhibited  the  latter  type  of  fluorescence. 

The  head  smears  prepared  from  subalbatus  that  were  inoculated 
with  dengue-1,  3  and  4  viruses  failed  to  fluoresce;  however,  virus 
vas  recovered  from  corresponding  thorax-abdomen  suspension  of 
these  mosquitoes.  Dengue-1  and  4  viruses  was  recovered  from 
mosquitoes  through  10"3  dilutions  of  the  inoculum  and  dengue-3 
virus  was  recovered  through  the  10-4  dilution  of  the  inoculinn. 
Apparently  the  failure  to  observe  fluorescence  was  not  related 
to  the  FITC  labeled  antiserum  as  aliquots  of  the  same  batch  gave 
specific  fluorescence  for  control  smears  of  all  4  dengue  viruses 
in  concurrent  experiments  involving  A.  aegypti  and  T.  splendens. 

A  total  of  127  human  leukocyte  suspensions  were  tested  for  dengue 
virus  by  intrathoracic  inoculation  of  A.  aegypti .  Of  these 
suspensions,  nine  were  positive  for  virus  by  the  F.A.  technique. 

Eight  of  nine  abdomen- thorax  suspensions  corresponding  to  the  F.A. 
positive  head  smears  yielded  plaques  in  LLC-Mk  cells.  In  addition, 
virus  was  detected  in  2  thorax -abdomen  suspensions,  but  no  evidence 
of  fluorescence  was  observed  in  corresponding  head  smears.  The 
plaque  forming  units  (PFU)  for  2  thorax-abdomen  suspensions  were 
too  numerous  to  count,  while  the  count  for  8  suspensions  ranged 
from  2  to  89/. 3  ml  of  inoculum.  The  number  of  head  smears  that 
were  F.A.  positive  for  each  leukocyte  suspensions  varied  from  1  of 
5  to  6  of  6.  Of  the  above  127  leukocyte  suspensions,  23  dengue 
viruses  were  isolated  by  direct  and  delayed  plaque  assay  employing 
LLC-Mk2  cells  cultures.  All  viruses  detected  by  intrathoracic 
inoculation  of  A.  aegypti  were  also  isolated  in  LLC-Mk2  cell  cultures. 

Of  the  above  127  leukocyte  suspensions  that  were  assayed  for  virus 
in  A.  aegypti.  26  have  been  tested  in  T.  splendens.  This  included 
the  23  suspensions  that  were  positive  for  dengue  virus  by  cell 
culture  assay.  Fluorescence  was  observed  in  head  smears  for  18 
of  the  26  suspensions.  Twelve  of  the  26  corresponding  thorax- 
abdomen  suspensions  yielded  virus  by  cell  culture  assay.  In 
addition,  2  thorax- abdomen  suspensions  were  positive  for  virus  even 
though  corresponding  head  smears  were  F.A.  negative.  The  plaque 
count  for  10  thorax- abdomen  suspensions  was  too  numerous  to  count 
and  13  and  30  for  the  other  two  suspensions  that  yielded  viruses. 
Evidence  of  virus  infection  was  not  detected  in  T.  splendens 
following  inoculation  of  this  species  with  3  of  the  26  suspensions 
that  were  negative  for  virus  by  cell  culture  assay. 
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Although  the  saae  leukocyte  suspensions  were  tested  for  dengue 
viruses  by  cell  culture  assay  and  by  the  nosquito  inoculation 
technique,  the  findings  must  be  interpreted  with  caution  due  to 
the  inconsistencies  in  the  testing  and  treatment  of  specimens. 
Leukocyte  suspensions  were  first  assayed  in  LLC-Mk2  cells  which 
required  one  or  non  freeze-thaw  cycles.  The  suspensions  were 
then  stored  at  -70°C  for  one  week  to  4  months  prior  to  inoculation 
of  mosquitoes.  That  this  may  have  altered  the  infectivity  properties 
was  suggested  by  the  failure  to  reisolate  dengue  viruses  by  direct 
and  delayed  plaque  assay  from  9  leukocyte  suspensions  that  were 
to  be  employed  in  another  study.  The  presence  of  virus  specific¬ 
like  fluorescence  in  mosquito  head  smears  prepared  from  dengue 
virus  inoculated  mosquitoes  and  the  absence  of  detectable  virus 
in  corresponding  thorax- abdomen  suspensions  has  been  reported 
previously  (77).  However,  the  frequency  was  exceptionally  low 
compared  to  that  in  data  obtained  for  dengue  viruses  and  T.  splendens. 
Such  findings  were  not  observed  in  T.  splendens  that  were  inoculated 
with  low  passage  mouse  brain  propogated  dengue  seed  viruses.  Nor 
was  perinuclear  fluorescence  observed  in  control  head  smears 
prepared  from  T.  splendens.  Further  investigations  will  be  required 
to  assess  T.  splendens  as  a  bioassay  host  for  dengue  viruses. 

A.  aegypti  will  no  longer  be  considered  for  dengue  virus  assay 
since  an  adequate  number  of  T.  splendens  are  now  available. 
Modification  of  rearing  technique  has  increased  the  yield  of  this 
species  from  an  average  of  60  to  200  per  week. 

18.  Relationship  of  Temperature  to  the  Replication  of 
Dengue  Viruses  in  LLC-Mk?  Cell  Cultures 

OBJECTIVES :  To  determine  the  plating  efficiency,  plaque  morphology, 
and  kinetics  of  replication  of  dengue  viruses  at  different 
tenqperatures. 

BACKGROUND ;  Each  of  the  currently  recognized  serotypes  of  dengue 

viruses  has  been  associated  with  disease  of  man  that  differs 
widely  in  severity  (78,  56).  One  hypothesis  that  has  been  advanced 
to  explain  the  variation  in  severity  of  disease  is  that  dengue 
viruses  di  ffisr  in  regard  to  virulence  properties  (79).  A  corollary 
to  this  hypothesis  stated  that  the  determinant  of  severe  dengue 
syndrome  was  related  to  the  surface  antigens  of  dengue  viruses. 
Although  the  antigenic  and  biological  properties  of  these  viruses 
differ,  such  markers  have  not  proven  to  be  associated  with  a 
particular  human  disease  syndrome  (80,  81). 
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Table  48. 

Replication  of  dmgue-3 
different  tenperatm  •.* 

viruses 

in  LLe-Mk 

2 

cells 

at 

Dengiie-3 

Plaque  forminR  units 

Strain 

Tei^perature  (  "C) 

liidi  luted  1 

—2 

2878 

32 

me**  me 

me 

78 

(Ncxifatal 

case) 

me 

me 

me 

81 

35 

me 

me 

105 

16 

me 

me 

80 

20 

2797 

32 

me 

66 

07 

00 

(Fatal 

case) 

me 

86 

09 

00 

35 

55 

10 

00 

00 

- 

6 

00 

00 

*  Plaques  were  not  observed  in  LLC-Mk, 

cells  at  39 

“e. 

**  To  nuTterous  to  count. 
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Investigations  have  shown  that  the  replication  of  dengue  viruses 
as  well  as  strains  of  each  serotype  appeared  to  be  influenced  by 
temperature  (80).  In  addition,  more  recent  studies  have  revealed 
that  dengue  viruses,  especially  dengue-2,  were  comprised  of 
subpopulations  that  differed  considerably  in  regard  to  in-vitro 
replication  at  different  teB5>eratures  (82).  Virulence  for  mice 
was  found  to  vary  according  to  the  temperature  that  was  permissive 
for  the  replication  of  subpopulations  of  this  virus.  This  study 
was  initiated  to  determine  if  temperature  requirements  for  in  vitro 
replication  of  dengue  viruses  could  be  used  as  a  marker  to  differ¬ 
entiate  these  viruses  in  regard  to  their  pathogenicity  for  man. 

METHODS:  Wild  dengue  viruses  were  obtained  in  conjunction  with 
other  studies  from  clinically  diagnosed  dengue  fever  and  dengue 
hemorrhagic  fever  patients  admitted  to  the  children's  Hospital, 
Bangkok.  Two  dengue-3  viruses  were  isolated  from  patients  admitted 
to  the  Khon  Kaen  Hospital,  Khon  Kaen.  If  possible,  strains  of  each 
dengue  virus  serotype  were  obtained,  including  strains  from  patients 
who  had  grade  I  illness  and  strains  from  patients  who  had  grade 
IV  and/or  from  fatal  cases.  The  clinical  history  and  the  identity 
of  each  dengue  virus  was  obtained  from  clinical  records  maintained 
in  the  Department  of  Virology,  AFRIMS.  The  plating  efficiency  of 
each  virus  was  determined  by  assay  of  original  and/or  logio 
dilutions  of  leukocyte  specimens  by  the  direct  plaque  technique  at 
32,  35  and  390C  in  LLC-Mk2  cell  cultures.  The  number  of  plaque 
forming  units  (PFU)  and  the  diameter  of  plaques  were  recorded  for 
viruses  at  each  temperature. 

Virus  replication  curves  were  established  for  selected  low  passage 
suckling  mouse  brain  propagated  dengue  viruses  at  320C,  35°C  and 
37°C.  Tube  cultures  of  LLC-Mk2  cells  were  inoculated  with  a 
concentration  of  virus  to  yield  a  multiplicity  of  infection  of  0.1. 
at  12  hour  intervals,  glass  beads  were  added  to  two  or  more  cultures 
for  each  temperature.  Cell  cultures  were  then  disrupted  by  vigorous 
agitation  enploying  a  vortex  mixer.  After  adding  0.5  ml  of  fetal 
calf  serum  (heat  treated  at  56°C  x  30  min)  to  each  suspension,  the 
contents  of  each  tube  were  pooled  and  0.5  ml  aliquots  were  stored 
at  -70®C.  Suspensions  were  assayed  for  virus  in  LLC-Mkn  cells  by 
direct  plaque  assay.  Plaque  forming  units  were  recorded  on  day  6 
post  inoculation. 

RESULTS  I  Eleven  original  human  plasma  and/or  leukocyte  suspensions 
^rom  which  dengue  viruses  had  been  isolated  during  1977  were 
selected  for  plating  efficiency  studies.  Included  were  strains  of 
dengue  2,  3  and  4  viruses  that  were  associated  with  different  grades 
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Table  ^9- Replication  of  virus  isolates  at  37°C  in  LLC-Mk^  cells. 


Plasma 

Nmber 

Nunber  of 

pass aces 

P-b 

P-1 

P-3 

P-4  P-5 

P-6  P-7 

2737/77 

108* 

02 

3,6 

0 

2713/77 

wrc** 

80x10  ^ 

9x10^ 

0 

2817/77 

06 

1x10  ^ 

3x10  ^ 

2x10  ^ 

2x10  ^  0 

2051/75*** 

6x10^ 

27x10  ^  0 

HS8525/77 

4 

1x10  ^ 

1x10  ^ 

0 

*  Plaque  forming  units  obtained  by  either  direct  or  delayed  plajue 
assay  from  original  specimen. 

**  To  nianerous  to  count. 

***  Data  prior  to  passage  5  was  not  available. 


Table  50. 

Replication  of  virus  isolates  at 

32°C  in 

LLC-Mk 

2 

cells. 

Plasma 

Nunber  of  passaees 

Nunber 

P-0 

P-1 

P-2 

P-3 

P-4 

P-5 

P-6 

P-7 

2737/77 

TMTC 

46x10^ 

2713/77 

wrc 

11x10^ 

87x10^ 

3 

50x10 

2817/77 

84x10^ 

9x10^ 

2x10^ 

2051/75** 

7x10^ 

2 

5x10 

H58525/77 

.* 

83x10^ 

3 

4x10 

3 

1x10 

3 

1x10 

3 

132x10 

*  Original  of  these  isolates  were  not  available. 

**  Isolate  nunber  2051  yielded  8x10^,  11x10^,  42x10^  at  LLC-Mk,  passage 
8,  9  and  10,  respectively.  * 


of  human  illness.  Denguc-i  virus  was  not  available.  The  platirg 
efficiency  of  9  strains  including  the  five  dengue-2  and  the  four 
dengue  4  strains  could  not  be  determined  due  to  unsuccessful 
attempts  to  reisolate  virus  from  original  leukocyte  suspensions 
employing  LLC-Mko  cells.  Dengue-3  virus  was  reisolated  from  each 
of  two  original  human  plasma  specimens.  As  shown  in  Table48j  the 
PFU  yield  for  both  strains  was  greater  at  320C.  Although  the  titer 
was  slightly  higher  for  strain  #2378  the  difference  in  plaque 
yield  for  each  strain  at  320C  and  35°C  was  comparable.  The  diameter 
of  PFU  for  each  strain  at  32®C  and  3S®C  ranged  from  1  to  2  mm. 

The  observation  that  the  optimal  temperature  for  replication  of 
the  dengue->3  strains  was  32°C  proved  to  be  helpful  for  routine 
isolation  and  identification  of  dengue  viruses.  As  shown  in  Table 
49,passage  of  five  virus  isolates  at  370C  in  LLC-Mk2  cells  to 
increase  titers  for  virus  identification  resulted  in  a  conplete 
loss  of  infectivity.  Subsequently,  the  same  5  isolates  were 
assayed  in  LLC-Mk2  cells  at  32°C  employing  the  original  specimens 
and/or  different  tLC-Mk2  passage  material  as  a  source  of  virus. 

The  results  presented  in  Table  50  showed  each  virus  isolate  to  attain 
peak  titer  after  one  or  two  passage  in  at  32°C.  In  contrast  to 
results  obtained  at  37°C,  the  titers  of  each  virus  isolate  at  320C 
remained  approximately  the  same  regardless  of  the  passage  level. 

Virus  isolate  #2737  was  of  particular  interest  in  that  the  number 
of  PFUs  increased  from  108  per  0.3  ml  at  370C  too  to  numerous  to 
count  (TNTC)  at  529C  where  as  the  plaque  count  remained  TNTC  for 
#2713.  All  five  isolates  were  subsequently  determined  to  be  dengue 
3  virus.  The  clinical  histories  of  the  patients  from  whom  the 
viruses  were  isolated  were  not  available. 

The  rate  and  magnitude  of  replication  of  2  strains  of  dengue-4, 
and  one  each  of  dengue- 1  and  dengue-2  that  originated  from  patients, 
grade  I  and  grade  II  illness,  were  determined  at  320C,  350C  and 
37°C.  No  apparent  difference  was  noted  for  the  replication  of  each 
virus  at  the  different  temperatures,  except  for  dengue  2  virus  that 
was  detected  12  to  24  hours  prior  to  the  recovery  of  theother  viruses 
and  peak  titers  for  dengue- 1  was  attained  36  to  48  hours  later  than 
dengue  2  and  dengue  4  viruses. 

This  investigation  will  be  continued  to  further  define  the  rela¬ 
tionship  of  temperature  to  the  replication  of  selected  strains  of 
dengue  viruses. 
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difference  in  antigen  prevalence  between  age  groups.  Antibody 
prevalence,  on  the  other  hand,  was  noted  to  increase  rapidly  from 
15.4%  to  48.9%  between  the  ages  of  one  and  19  years.  These  data 
suggested  that  the  risk  of  acquiring  hepatitis  B  antigen,  but  not 
antibody,  was  associated  with  the  family  unit. 

KCTHODS :  Students  attending  the  Phibunprachasan  School  in  the  Din 
Daeng  area  of  Bangkok  were  studied.  A  blood  sample  was  collected 
in  June  1977  prior  to  the  "dengue  season"  (i.e.  June-October)  from 
1988  students.  One  thousand  nine  hundred  and  three  of  these 
students  had  a  repeat  sample  drawn  after  the  "dengue  season"  in 
January  1978.  A  third  blood  sample  was  collected  from  1249 
students  in  June  1978.  Basic  demographic  data  on  family  size, 
family  income,  age  and  sex  of  family  members,  and  the  rank  of  the 
index  child  in  the  family  were  collected  along  with  a  medical 
history  of  the  school  child.  Children  who  were  absent  from 
school  for  three  or  more  days  were  visited  in  their  homes  if 
necessary,  by  a  public  health  nurse  throughout  the  school  year 
and  acute  and  14  day  convalescent  blood  specimens  were  collected 
on  children  ill  with  symptoms  possibly  referable  to  a  dengue  or 
hepatitis  viral  infection.  If  the  child  was  hospitalized,  the 
treating  physician  was  interviewed,  acute  and  convalescent  blood 
saiqples  were  collected,  and  a  copy  of  the  child's  hospital  record 
was  obtained. 

All  blood  samples  obtained  either  were  or  will  be  tested  for 
dengue,  JEV  and  Group  A  arboviral  antibodies  by  hemagglutination- 
inhibition.  Chikungunya  virus  antigen  was  used  to  test  for 
Group  A  antibodies.  Virus  isolation  was  attempted  on  all  specimens 
obtained  during  the  acute  phase  of  a  febrile  disease.  Sera 
obtained  were  also  tested  for  the  presence  of  HBgAg  and  anti-HBg 
by  radioimmune  assay.  Those  with  HBgAg  were  subtyped  and  examined 
for  the  presence  of  HBgAg  and  anti-HBg.  Serum  specimens  were 
collected  from  the  families  of  index  children  who  were  HBgAg 
positive  and  were  tested  in  the  same  manner  as  that  of  the  school 
chi  Id. 

RESULTS ;  ' 

Arboviral  Infections:  Table  51  pi'esents  the  prevalence  of  positive 
titers  (>  1:20)  by  age  and  sex  of  the  school  children.  Medical 
history  of  the  child,  f.amily  income,  and  number  of  children  in 
the  family  did  not  appear  to  have  a  significant  association  with 
the  distribution  of  antibody  to  either  Group  A  or  Group  B 
arboviruses. 
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Table  52  Prevalence  of  Dengue  Type  2  Antibody 
by  Family  Rank  Order 


Relative  risk  «  1.08 


The  group  of  children  with  one  or  nvore  positive  titers  averaged 
approximately  16  months  older  than  those  without,  but  male/ female 
differences  wore  not  found.  Children,  other  than  the  eldest  or 
only  child,  all  have  appi'oximately  the  same  risk  of  antibody 
acquisition.  However,  the  eldest  child's  experience  is  moderately 
different  from  children  with  a  lower  rank  in  their  family.  (By 
"rank"  is  meant  the  order  of  the  child  in  the  family  (e.g.  the 
oldest  child  is  ranked  1  and  the  fifth  child  in  the  family  is 
ranked  5)).  Tlie  eldest  child  appears  to  have  a  slightly  increased 
risk  of  antibody  acquisition  over  children  with  older  siblings. 
Table  52presents  the  data  on  the  prevalence  of  Dengue  Type  2. 

This  finding  is  consistant  in  greater  or  lesser  degree  in  all  the 
Group  B  arboviruses  tested. 

Approximately  16%  of  the  children  at  Phibunprachasan  School 
experienced  an  infection  with  either  a  Group  A  or  Group  B  arboviral 
agent  during  the  1977  "dengue  season".  Of  824  students  who  were 
seronegative  for  any  Group  B  agent,  110(13.3%)  sustained  a  primary 
type  titer  rise  (nuuimum:  1:640),  and  an  additional  nine  (1.1%) 
sustained  a  secondary  type  titer  rise  (minimum:  1:1280).  Of  the 
1065  students  with  at  least  a  1:20  titer  to  one  or  more  of  the 
Group  B  arboviruses  prior  to  the  "dengue  season",  175  (16.4%) 
sustained  at  least  one  fourfold  or  greater  titer  rise  between  the 
June  1977  and  January  1978  blood  specimens.  The  distribution  of 
these  infections  between  the  various  viruses  is  presented  in 
Tables  53  and  54  The  corresponding  values  for  Group  A  arboviral 
agents  was  22  primary  and  two  secondary  responses  out  of  1540 
susceptibles  (1.6%)  and  10  infections  out  of  the  349  students  with 
pre-existing  antibody  (2.9%). 

Neither  family  income,  geographic  location  of  the  family,  number 
of  children  in  the  family,  sex  of  the  child  nor  the  rank  of  the 
child  within  the  family  appeared  to  play  a  signific.int  role  in 
the  distribution  of  infections. 

The  age  distribution  of  cases  of  infection,  and  to  a  lesser  extent 
the  sex  distribution,  was  a  reflection  of  the  Prathom  or  school 
class  in  which  the  child  was  enrolled.  For  example.  Table  55 
presents  the  data  on  Group  A  infections.  Since  Prathom  6  is 
proilominately  aged  11-13,  this  focus  of  infection  is  represented 
in  the  age  distribution.  Similar  mini -epidemics  can  be  documented 
for  Dengue  Types  1 ,  3  and  4 . 

As  ciui  be  seen  from  Table  54  the  majority  of  seconditry  infections 
demonstrate  fourfold  or  greater  titer  rises  to  multiple  closely 
related  Group  B  arboviruses.  A  minority  however  can  be  labeled 


Table  53.  Primary  Cases  of  Group  A  and  Group  B  Arbovirus 

Infections  in  Children  of  Phibunprachasan  School, 
Bangkok,  Hiailand,  Jun  77  -  Jan  78 


Group  A 


Number  of  Infections 


Group  B 


Dengue  1  ] 

Dengue  2 
Dengue  3 
Dengue  4 
JEV 

Indistinguishable 
Combinations  of 

2  Group  B 

Dengue  1 ,2 
Dengue  1,3 
Dengue  2,3 
Dengue  2,4 
Dengue  3,4 
Dengue  4 ,  .lEV 

Indistinguishable 
Combinations  of 

3  Group  B 

Dengue  1,3,4 
Dengue  2, 4, JEV 
_  Dengue  3 ,4 ,JEV 


Table  54  Secondary  Cases  of  Group  A  and  Group  B  Arbovirus 
Infections  in  Children  of  Phibunprachasan  School, 
Bangkok,  TTiailand,  June  77  -  Jan  78 


Virus 


Number  of  infections  by 
the  case  definition  of  2“ 

Pre-existing  Size  of  titer 
antibody  rise  alone 

(1:1280  as  minimum) 


indistinguishable 
Combinations  of 
2  Group  B 


Dengue  1,2  2 
Dengue  1,3  1 
Dengue  1,4  1 
Dengue  2,3  1 
Dengue  3,4  4 


Dengue  4,  JEV 


1 


2 


Indistinguishable 
Combinations  of 
3  or  more  Group  B 


117 


185 


2 


11 


Table  55.  Coii|>arison  of  Prathom  o  and  the  Remainder  of 
Phibunprachasan  School  with  Regard  to 
Infection  with  Group  A  Arbovirus 


Prathom 

Not  6 

■  ■  '  1  ’ 

Infection  1  13 

21 

with  Group  A 

Arbovirus  -  211 

1658 

d|  =  1 
=  20.82 
y  p<.0005 


1 0 ; 


«  « 


as  to  infecting  agent  ba  ed  on  a  single  specific  titer  rise.  The 
sum  of  primary  and  secondary  infections  with  an  isolated  titer 
rise  provide  the  basis  for  an  age  and  sex  distribution  pattern 
for  infections  with  the  individual  viral  agents.  Table  56 presents 
an  exaiiq>le  of  this  pattern  method.  The  effect  of  isolated  out¬ 
breaks  of  clinical  and  subclinical  infection  in  Prathoms  5  (10- 
12  year  old  children)  and  1  (7  and  8  year  old  children)  can  be 
seen.  The  total  numbers  of  cases  in  these  outbreaks  are  larger 
than  depicted  by  tables  such  as  Table  56  as  most  of  the  secondary 
infections  will  be  among  the  indistinguishable  combination  groups. 

Sixteen  children  were  clinically  diagnosed  as  having  hemorrhagic 
fever  during  the  course  of  the  school  year.  Ten  of  these  showed 
no  serologic  evidence  of  arboviral  infection  either  between  acute 
and  convalescent  blood  specimens  or  between  the  surveys.  Of  the 
328  seroconversions  (including  23  students  who  seroconverted  to 
both  Groups  A  and  B  arbovirus),  which  occurred  during  the  school 
year,  only  6  (1.8%)  were  accompanied  by  clinical  evidence  of 
hemorrhagic  fever.  One  of  these  was  Group  A  disease  for  a 
clinical:  subclinical  ratio  of  1:33  and  the  remainder  were  Group 
B  disease  for  a  clinical:  subclinical  ratio  of  1:58.  Three  (60%) 
of  these  cases  were  secondary  con^iared  to  62%  of  all  Group  B 
seroconversions  being  of  a  secondary  type. 

Hepatitis  B  Viral  Infections:  Evidence  of  Hepatitis  B  Virus  (HBV) 
infection  was  detected  in  sera  of  38.9%  of  males  and  33.3%  of 
females  in  the  population  of  the  Phibunprachasan  School  sampled 
during  June  1977  (Tables  57and58) .  Considerable  variation  was 
observed  in  the  age  specific  prevalence  rates  of  HBV  infection 
with  a  gradual  increase  with  age  noted  in  both  sexes. 

The  HBV  antibody  acquisition  rates  subsequent  to  a  previous 
hepatitis  B  antigenemia  for  the  entire  population  was  10.3% 

(Table  59).  The  difference  between  males  and  females  was  not 
significant.  Antibody  acquisition  was  observed  in  the  age  range 
7  to  15  for  males  and  5  to  15  for  females.  The  age-sex  incidence 
of  HBV  infection,  based  on  the  acquisition  of  either  HB^Ag  or 
anti-HBj  is  presented  in  Table  60.  Overall,  4.3%  of  the  population 
acquired  HBV  infection  (either  HBgAg  or  anti-HBs)  during  the 
period  of  seven  months  (June  1977  through  January  1978).  The 
acquisition  of  HBgAg  was  1.87%  in  males  compared  to  a  lower  rate 
in  females,  0.56%.  No  apparent  difference  was  noted  between 
sexes  in  the  acquisition  of  antibody  to  HBV  infection. 


rV^'' 


4 


Table  56.  Age  and  Sex  Distribution  of  Primary  and 
Secondary  Infections  with  Dengue  T^e  4 
Arbovirus  Phibunprachasan  School,  Bangkok 
Thailand,  Jun  77  -  Jan  78 


Primary  Infection 


Secondary  Infection 


Table  57.  The  1  revalence  of  Hepatitis  B  Virus  Surface 
Antigen  in  Students  of  the  Phibur^rachasan 
School,  Bangkok,  Thailand,  June  1977 


Age 


4 

5 

6 

7 

8 
9 

,  10 
!  11 
12 

13 

14 
I  15 

1 - 

Total 


j  MALE 

FEMALE 

TOTAL 

No. 

HB 

s-'g* 

No. 

HBsAg* 

No. 

_HB« 

* 

M 

tested 

No. 

% 

tested 

No. 

% 

Tested 

No. 

% 

15 

2 

13.3 

31 

4 

12.9 

46 

6 

13.0 

30 

4 

13.3 

33 

3 

9.0 

63 

7 

11.1 

i  52 

4 

7.7 

35 

1 

2.8 

87 

5 

5.7 

1  76 

9 

11.8 

102 

6 

5.9 

178 

15 

8.4 

1  113 

9 

8.0 

88 

7 

7.9 

201 

16 

7.9 

.  116 

13 

11.2 

110 

7 

6.4 

226 

20 

8.8 

i  123 

15 

12.2 

127 

19 

15.0 

250 

34 

13.6 

1  104 

10 

9.6 

105 

5 

4.8 

209 

15 

7.2 

{  115 

4 

3.5 

131 

7 

5.3 

246 

11 

4.5 

1  106 

10 

9.4 

151 

7 

4.6 

257 

17 

6.6 

i  42 

4 

9.5 

78 

7 

9.0 

'  120 

11 

9.2 

20 

2 

10.0 

28 

6 

21.4 

48 

8 

1 

16.7 

^  912 

i 

86 

9.4 

1019 

79 

7.75  1931 

165 

'  8.5 

i 


I 

( 


*  Based  on  the  Radioimmune  Assay  (RIA)  and  Immunoelectrophoresis 
(lEOP)  Tests. 
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Table  58.  The  Prevalence  of  Heaptitis  B  Surface 
Antibody  (anti-HB3)  Students  of  the 
Phibunprachasan  School, Bangkok,  Thailand 
June  1977 


FEMALE 


TOTAL 


Table  59^  Evidence  of  HBV  Antibody  Acquisiticm 
of  HBV  Infection  During  Study  Period. 
Phibunprachasan  School,  June  1977-Jan  1978 


Age 

Male 

Female 

Total 

i 

1 

1 

4 

0 

0 

1 

1 

5 

0 

i  1 

1 

! 

6 

u 

!  0 

0 

1 

7 

1 

,  1 

2 

I 

8 

1 

i  1 

2 

i 

9 

2 

2 

4 

1 

( 

1 

1 

1 

11 

1 

1 

i 

12  1 

1  1 

1 

1 

13  1 

1  0 

1 

1 

f 

14 

'  0 

1 

1 

1 

15 

1 

2 

3 

Total 

Percentage 

8 

9 

17 

of  antibody 
acquisition 

9.3 

11.4 

10.3 

*  Detection  of  MBjAg  in  1st  bleeding  and  cinti-HBg 
in  2nd  bleeding. 


Table  60.  The  Incidence  of  HBV  Infection  During  Study  Period, 
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Table  62.  Household  Contacs  of  Hepatitis  B 
Antigenemic  Students;  Relation  of 
HB^Ag ,  Phibunprachasan  School 


HBeAg 

No.  of 

* 

No.  of  families 
with  presence  of 

students 

HBV  marker 

■ - 

No. 

X 

Students  with  HB^Ag 

26 

21 

80.76 

1 

Students  without  HB^Ag 

13 

9 

69.23  1 

*  Detection  of  HBV  markers  in  one  or  nxsre 
family  members. 

p  =  0.22  (Fisher's  exact  test) 
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Among  the  study  population  of  this  lower  socioeconomic  group, 

17.4%  of  males  and  20.2%  of  females  who  were  antigenemic  in  June 
1977  spontaneously  lost  their  antigen  positivity  by  January  1978, 
while  5.5%  of  males  and  7.3%  of  females  lost  their  antibody 
during  the  study  period  (Table  g]).  The  decline  in  detectable 
HBgAg  and  anti-HB^  was  greater  in  females  than  in  males;  however 
this  difference  was  not  statistically  significant. 

Study  of  the  hepatitis  B  e  antigen  (HBgAg),  in  students  with  HBg 
antigenemia,  demonstrated  an  apparent  trend  for  students  antigenemic 
for  both  HBgAg  and  HBgAg  to  have  a  greater  chance  of  having  house¬ 
hold  contacts  with  evidence  of  previous  Hepatitis  B  infection 
(Table  62),  but  the  number  of  families  was  too  small  for  demonstra¬ 
tion  of  statistical  significance.  Further  work  on  this  point 
will  be  necessary. 

Determination  of  the  arboviral  and  hepatitis  B  virus  antibody 
status  of  the  third  blood  sample  collected  in  June  1978  is  pending. 

20.  Seroepidemiologic  Survey  of  Hepatitis  B  Virus 
Infection  in  a  Rural  Thai  Village 

OBJECTIVES : 

1.  To  determine  the  prevalence  of  hepatitis  B  surface 
antigen  (HBgAg)  and  antibody  to  hepatitis  B  surface  antigen 
(anti-HBg)  in  a  well-defined  rural  Thai  population. 

2.  To  determine  if  there  is  a  familial  clustering  of  either 
HBgAg  or  anti-HBs. 

BACKGROUND :  A  study  on  a  well  defined  urban  Thai  population  (84) 
has  shown  an  average  prevalence  of  HBgAg  of  8.2%  (determined  by 
radioimmune  assay)  and  anti-HBg  of  46.1%  (determined  by  passive 
hemagglutination).  In  this  population  of  697  people  age  one  year 
to  75  years,  the  prevalence  of  HBgAg  was  similar  throughout  all 
age  groups.  For  anti-HBg,  on  the  other  hand,  the  prevalence  rose 
from  15.4%  in  the  1-4  age  group  to  a  plateau  level  of  50  to  65% 
after  the  age  of  20.  A  stable  rural  Thai  population  was  sought 
to  determine  the  prevalence  of  HBgAg  and  anti-HBg  for  comparison 
with  that  found  in  the  Bangkok  population. 

METHODS :  The  village  of  Tablan  was  selected  for  study.  This 
village  was  located  in  Prachinburi  province  in  the  Bhu  Phram 
valley.  Its  population  had  been  included  in  malaria  drug  prophy¬ 
laxis  studies  for  two  years.  Sera  from  a  portion  of  the  popula¬ 
tion  had  been  collected  for  malaria  studies  at  approximately 
yearly  intervals  in  1974  and  1975. 


Table  65  Anti-HB^Prevalence  in  Children  (under  18  years  of 
age)  by  the  Presence  of  a  HB.Ag  Carrier  in  the 
Household. 


No.  of  HB  Ag  positive 
individuals  in  the 
family 


1  or  more 


X‘  »  5.61 

.012 


No.  of 
children 


Anti-HB 

s 

positive 

No. 

\ 

74 

26.1 

31 

40.8  1 

Table  67  Serologic  Status  HBV  Ban  Tablan,  Thailand 


A  census  of  the  village  conducted  in  early  1976  showed  the  total 
population  to  consist  of  1,014  people,  503  males  and  511  females. 

Sera  were  assayed  for  HBsAg  and  anti-HBg  serology  by  radioimmune 
assay  (AUSRIA  II  and  AUSAB  supplied  by  Abbott  Laboratories,  North 
Chicago,  Ill.). 

RESULTS :  Prevalence  Data:  The  age-and  sex-specific  prevalence 
rates  of  HBsAg  for  1976  as  detected  by  RIA  are  presented  in  Table  63. 
While  the  prevalence  rate  in  males  is  relatively  constant  after 
infancy,  the  prevalence  of  HB^Ag  is  significantly  lower  in  females 
mainly  because  of  the  near  total  lack  of  antigenemia  in  those 
women  over  30,  and  secondarily  because  of  generally  lower  prevalence 
rates  in  the  younger  age  groups.  Although  the  prevalence  rates 
of  HBsAg  for  three  of  the  four  groups  of  females  from  age  5-29  are 
lower  than  those  of  the  corresponding  males  groups,  none  of  these 
individual  differences  were  sufficient  to  be  termed  significant. 

Age  adjustment  does  not  change  the  prevalence  rates  to  a  large 
degree. 

A  completely  different  distribution  has  been  noted  for  the  prevalence 
of  anti-HBg  determined  on  the  same  sera.  Table 64  presents  the  age 
and  sex-specific  prevalence  rates  for  anti-HBg.  The  prevalence 
rates  rose  progressively  with  age  in  both  sexes.  Except  for  the 
very  young  and  the  very  old,  male  rates  again  were  uniformly  higher 
than  their  female  contemporaries,  but  no  significant  difference 
was  evident  in  any  individual  groups  nor  in  the  overall  prevalence 
rate.  Age  adjustment  did  not  influence  the  prevalence  rates  of 
anti-HBg  in  males  or  females. 

Family  Interactions:  Antibody  prevalence  tended  to  cluster  in 
those  families  with  one  or  more  HBgAg  carriers  in  the  family. 

Table  65  points  out  the  association  in  children  under  the  age  of 
18.  On  the  other  hand,  there  was  no  evidence  of  the  clustering 
of  HBgAg  positive  individuals  in  the  family  group.  As  can  be  seen 
in  the  final  column  of  Table  66, the  average  number  of  antigenemic 
individuals  changed  very  little  with  variation  in  family  size. 

In  an  effort  to  identify  the  status  of  intra-familial  transmission, 
families  in  which  a  single  parent  was  HBgAg  positive  were  sought. 
Fifteen  such  families,  in  which  the  HBgAg  status  of  both  spouses 
was  known,  were  found.  In  all  15  families,  it  was  the  father  who 
was  antigen  positive.  This  was  not  surprising,  considering  the 
relative  lack  of  female  HBgAg  carriers  of  maternal  age  as  demon¬ 
strated  in  Table  63.  In  those  15  families,  three  of  41  children 
(7,3%)  were  HBgAg  positive.  In  100  families,  in  which  both  spouses 
were  HBgAg  negative,  13  of  244  children  (5.3%)  were  HBgAg  positive. 
There  were  no  families  in  which  both  spouses  were  HBgAg  positive. 


There  was  no  evidence  that  intra-familial  transmission  was  taking 
place  from  child  to  either  parent.  In  families  in  which  one  or 
more  children  were  HB^Ag  positive,  two  of  12  (16.7%)  fathers  were 
also  positive.  In  families  in  which  all  children  tested  were 
HBsAg  negative  14  of  96  (14.6%)  fathers  were  HB^Ag  positive. 

The  corresponding  figures  for  mothers  were  zero  out  of  20  (0%) 
and  three  out  of  107  (2.8%)  respectively. 

Incidence  Data;  Table  67 presents  the  relationship  of  time  on 
the  vari<His  combinations  of  HBgAg  and  anti-HBg  extant  in  Ban  Tablan 
in  1975.  The  time  period  covered  averaged  19  months  between  blood 
sanples  and  those  1975  samples  which  could  not  be  repeated  in 
concert  with  the  corresponding  1976  specimen  were  eliminated  from 
analysis. 

During  this  period,  ten  of  79  (12.7%)  anti-HBg  negative  individuals 
gained  antibody  and  four  of  76  (5.3%)  lost  a  positive  antibody 
titer.  Three  of  138  (2.2%)  HBgAg  negative  individuals  acquired 
antigenemia  and  none  of  17  antigenemic  individuals  became 
seronegative. 

21.  Transmission  of  Hepatitis  B  Virus  by  Exposure  to  Human 
Semen  Containing  Hepatitis  B  Suri..ce  Antigen 

OBJECTIVE;  To  test  the  hypothesis  that  human  semen  can  transmit 
Hepatitis  B  virus  (HBV)  infection. 

BACKGROUND :  Epidemiological  evidence  suggests  that  HBV  may  be 
traansmitted  by  a  sexual  route.  Hepatitis  B  antigen  (HB_Ag)  has 
been  detected  in  semen  (85).  The  present  study  attempted  to 
determine  if  human  semen  can  transmit  HBV  by  parenteral  and  vaginal 
administration  using  the  gibbon  as  a  model  primate  subject.  The 
gibbon  has  been  used  for  HBV  transmission  studies  in  our  laboratory 
in  the  past  and  has  been  shown  to  be  susceptible  to  HBV  infection 
(86). 

WETOODS:  Mayo,  a  chronic  Hepatitis  B  surface  antigen  (subtype 
adw)  carrier ,  has  been  implicated  as  the  source  for  two  cases 
of  Hepatitis  B  infection.  His  contact  with  these  cases  involved 
sexual  activity.  Mayo  has  provided  semen  (12  ml  over  a  48  hours 
period).  Studies  on  semen  collected  at  this  time  showed  AUSRIA 
II  P/N  =  48.  Six  ml  of  this  semen,  frozen  at  -70°C,  were  forwarded 
from  Dr.  Harvey  Alter  for  this  study.  Thawed  semen  showed 
AUSRIA  IIP/N  -  8.4. 
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Table  68  Gibbon  Exposure  Schedule 
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Two  white-handed  gibbon  (Hylobates  lar)  were  used  as  experimental 
animals.  Both  were  females,  ages  3  and  3  1/2  years,  free  of  both 
HBjAg  and  anti-HBg  determined  by  radioiimnune  assay.  Semen  was 
administered  to  the  experimental  gibbons  as  shown  in  Table  68. 
Another  four  gibbons  (all  anti-HBs  positive)  served  as  uninoculated 
controls.  Gibbons  were  held  in  individual  galvanized,  netted 
cages  so  as  to  prevent  direct  contact  between  animals,  and  were 
fed  a  commercial  primate  diet  supplemented  with  fruits  and 
vegetables.  Only  persons  free  of  HBgAg  were  allowed  to  care  for 
the  gibbons.  The  animals  were  examined  by  a  veterinarian  once 
a  week  for  evidence  of  fever,  jaundice,  hepatomegally,  weight  loss 
and  other  abnormal  signs.  Feeding  habits  were  observed  every  day. 
Five  ml  of  whole  blood  were  drawn  each  week  for  complete  blood 
count,  biochemistry  (SCOT  and  SGPT)  and  serology.  All  sera  were 
tested  for  the  presence  of  HB^Ag  and  anti-HBj  by  solid  phase 
radioimmune  assay.  Positive  reactions  of  HBgAg  were  confirmed 
by  a  50%  or  more  reduction  in  reactivity  after  incubating  the  test 
sera  with  anti-HBg  containing  human  serum  (RIA-Neutralization) . 

RESIJU|S:  Seven  weeks  after  inoculation  of  semen,  gibbon  PC-21 
(vaginal  route)  was  positive  for  HBgAg  (Figure  This  gibbon 
had  detectable  antigenemia  for  the  next  two  wee  s,  accoii?)anied 
by  a  slight  rise  in  SGPT  level  in  the  9th  week.  Anti-HBg  was 
detected  in  all  subsequent  sera  and  was  accompanied  by  a  marked 
rise  in  SGPT  in  the  12th  week.  During  this  period,  the  gibbon 
had  a  normal  physical  examination,  normal  temperature,  normal 
eating  habits,  and  no  change  in  weight.  Gibbon  PC-16,  (inoculated 
by  the  subcutaneously  route),  remained  well  until  the  8th  week 
after  exposure,  when  HB^Ag  was  detected  in  its  serum  by  RIA. 

Figure  6.  The  antigenemia  remained  for  4  weeks;  anti-HB  was 
detected  in  all  subsequent  sera.  PC- 16  was  clinically  normal 
until  the  18th  week,  when  it  suddenly  experienced  a  1.1  kg  weight 
loss.  Although  no  other  physical  signs  were  detected,  the  gibbon 
expired  on  the  next  day.  At  autopsy  the  organs  were  grossly 
normal.  Results  of  histopathology  are  not  yet  complete.  Throughout 
the  study  period  all  four  control  gibbons  remained  clinically 
healthy,  and  none  developed  any  abnormalities  in  blood  count  or 
biochemistry. 


Investigation  of  the  Epidemiology  and  Microbiology 
of  Wounds  and  Wound  Infections  in  the  Royal  Thai  Army  (RTA ) 


OBJECTIVES: 

1.  To  describe  the  extent  ;ind  distribution  (by  agent  and 
anatomical  site)  of  wounds,  incurred  as  a  result  of  combat, 
appearing  at  2°  and  3°  surgical  centers. 


2.  To  establish  the  types  and  quantities  of  microbial  flora 
coexisting  with  these  injuries. 

3.  To  relate  microbial  occurrence  to  risk  of  overt  infection, 
severity  and  type  of  injury,  subsequent  treatment  and  residual 
morbidity. 

4.  To  ascertain  the  value  of  the  injury /microbiology/infection 
approach  for  uae  in  predicting  infection  potential  in  combat 
injuries. 

BACKGROUND :  Descriptions  of  wounds  incurred  and  microbiologic 
flora  associated  with  those  wounds  have  been  made  in  the  English 
language  literature  for  each  major  militaiy  excursion  since  World 
War  II.  Primarily  by  American  clinicians,  these  accounts  have 
suffered  from  two  basic  deficiencies  unrelated  to  the  expertise 
of  the  authors.  The  primary  problem  has  been  that  chains  of 
evacuation,  while  efficient,  have  been  so  long  that  no  one  person 
or  group  of  persons  could  observe  the  effects  of  primary  micro¬ 
biological  inoculation  into  a  combat  injury  and  its  subsequent 
effects  related  to  morbidity. 

The  second  corollary  problem  is  that  microbiologic  data  have  been 
reported  as  occurrence  of  contamination  of  the  wound  site  at  the 
time  of  injury  or  as  occurrence  of  overt  infection  later  in  the 
post-surgical  period  without  a  relationship  being  established 
between  them. 

Pre-injury  antibiotic  prophylaxis  in  RTA  troops  in  confined  to  a 
sulfadoxine-pyrimethamine  combination  for  antimalarial  prophylaxis. 
Post-injury  antibiotic  coverage  is  at  the  discretion  of  the  treating 
physician,  but  usually  includes  ampicillin  (personal  communication, 
MAJ  Narong  Rodwanna) . 

The  chain  of  evacuation  of  a  wounded  RTA  soldier  includes: 

Emergency  life-saving  care-company- aidman 
1°  surgical  care  -  battalion  aid  station/brigade  dispensary 
20  surgical  care  -  provincial  hospital/area  military  hospital 
30  surgical  care  -  RTA  hospital  Bangkok 
Convalescence-rehabilitation  center  Bangkok 

Any  or  all  of  the  above  may  be  by-passed  if  the  condition  of  the 
patient  warrants  it.  Ninety  percent  of  the  cases  seen  at  RTA 
hospital,  Bangkok  had  received  previous  care  at  a  provincial 


ANATOMICAL  LOCATION  Of  INJURY 


total  isolations 


hospital.  Ten  percent  were  either  evacuated  from  an  area  military 
hospital  or  flown  directly  to  Bangkok.  (Personal  communication, 

COL  Boonket  Loovanich) . 

>CTHODS :  Microbiological  Sample  Collection:  Both  aerobic  and 
anaerobic  specimens  were  routinely  collected  from  the  wound  site 
and  a  blood  culture  was  taken  concurrently.  Wound  specimens  consist 
of  tissue,  fluid  exudate  or  swab  from  infection  surface,  and  are 
collected  on  admission,  at  surgery,  and  when  clinically  indicated. 
Cultures  are  inoculated  into  transport  media  and  a  blood  culture 
bottle.  Wound  cultures  are  reported  only  when  flora  speciation 
and  antibiotic  sensitivity  data  are  available.  Blood  specimens 
for  culture  are  taken  for  culture  on  three  successive  days 
following  any  clinical  indication  of  septicemia,  following  surgery, 
and  following  any  positive  culture  report,  and  also  taken  if  no 
specimen  has  been  otherwise  requ  red  for  3  days.  Blood  cultures 
are  incubated  for  a  minimum  of  7.?  hrs.  ,  read  at  24,  48  and  72  hrs., 
and  then  submitted  to  the  main  laboratory  for  further  study.  Any 
positive  bottle  culture  is  gram  stained  and  examined  microscopically 
prior  to  subculture. 

Epidemiologic  Data  Collection:  Each  combat  injured  soldier  is 
interviewed  by  a  nurse  as  soon  after  admission  as  feasible.  The 
interview  concerns  demographic  data  on  the  patient,  type  of  injuring 
agent,  if  known  (booby  trap,  mine,  shoulder  weapon,  hand  weapon, 
etc.),  geographical  location  of  the  area  in  which  the  injury  was 
sustained  and  activities  at  the  time  of  injury.  The  nurse  makes 
an  objective  assessment  of  injury  severity  using  a  standard  scale. 
From  the  patient's  chart,  a  clinical  description  of  all  injuries 
and  concurrent  medical  problems  (diabetes,  helminthiasis  etc.), 
therapy  prior  to  admission,  initial  laboratory  findings,  and  place 
and  length  of  prior  hospitalizations  with  this  injury  are 
abstracted. 

RESULTS :  A  pilot  study  and  training  period  is  currently  being 
performed  at  Phramongkutklao  Hospital,  Bangkok  (RTA  Hospital). 
Preliminary  results  on  the  first  twenty-five  patients  enrolled 
are  presented  below: 

Military  status:  Enlisted  (included  3  police)  20 

PVT  12 

CPL  2 

SGT  4 

MSG  2 

Civilian  (working  with  milit^r^  4 


i  1099 


Agent  of  injury: 


Missile  projectile  7 

Land  mine  8 

Rifle  bullet  10 

Anatomical  location 

of  injury:  Head  and  neck  0 

Chest  and  back  3 

(Total  exceeds  25  Abdomen  1 

because  of  multi-  Upper  extremities  10 

pie  site  involve-  Lower  extremities  18 

ment) 


Casualties  occurred  on  the  Malaysian,  Laotian  and  Can^odian  borders 
as  well  as  internally  in  the  Northeast  area  of  the  country.  The 
majority  of  injuries  were  incurred  in  inter-camp  movement  and 
patrolling. 

From  wound  cultures,  37  isolates  of  17  different  species  were 
made,  but  the  largest  single  group,  accounting  for  one-third  of 
total  isolates,  were  species  of  the  genus  Pseudomonas.  Twelve 
of  the  13  isolates  were  P.  aeruginosa  and  one  could  not  be  speciated. 
No  bacterial  growth  was  observed  in  only  five  (20%)  of  the  battle¬ 
field  casualties  cultured.  The  list  of  isolates  obtained  is 
presented  in  Table  69.  No  isolates  were  obtained  from  blood  culture. 

It  is  anticipated  that  this  study  will  be  continued  at  Phra- 
mongkutklao  Hospital  and  at  an  area  military  hospital  outside  of 
Bangkok  beginning  on  or  about  1  October  1978. 

2 3 .  Epidemiological  ;ind  Ecological  Studies  of  Scrub  Typhus 
in  Royal  Thai  Army  Field  Training  Facilities 

OBJECTIVES: 

1.  To  prospectively  determine  the  susceptibility  and  the 
exposure  risk  of  Royal  Thai  Army  personnel  to  Rickettsia 
t sutsugamushi  during  field  training  exercises. 

1.  To  determine  the  prevalence  of  Rickettsia  tsutstigamushi 
r.  ^•lecte^l  species  of  small  mammals  and  chiggers  from  areas  and 
tits  utilized  by  troojis  during  training. 

To  determine  if  there  is  a  seasonal  effect  influencing 
;t.hilify  risk  of  Royal  Thai  Army  personnel. 
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4.  To  evaluate  the  use  of  regional,  habitat  and  seasonal 
data  for  predicting  human  exposure  and  risk  potential  to  scrub 
typhus  in  Thailand. 

BACKGROUND:  Outbreaks  of  scrub  typhus  in  the  Royal  Thai  Army 
have  been  isolated  epidemic  events.  On  the  basis  of  hospitalized 
cases,  personnel  at  greatest  risk  appear  to  be  those  undergoing 
primary  field  training  in  the  central  or  Korat  plateau  areas 
as  those  in  security  forces  deployed  in  the  field  (Sangkasuwan  - 
personal  communication).  Sangkasuwan  et  al.(87)  found 
R.  tsutsugamushi  in  every  area  sampled  in  Thailand  and  also  con- 
cluded  that  there  was  seasonality  in  the  frequency  of  rickettsial 
isolations  from  chiggers  and  mammals.  A  similar  seasonal  patteiTi 
has  been  observed  in  human  cases  in  Thailand  (88). 

The  ecological  complexity  of  Thailand  offers  unique  opportunities 
for  comparative  studies  to  assess  the  influence  of  various 
ecological  factors  on  the  presence,  prevalence  and  risk  of 
R.  tsutsugamushi  to  man.  Recent  development  of  a  serological  test 
for  tsutsugamushi  (89),  more  reliable  than  the  standard  Weil- 
Felix  test,  now  provides  a  good  basis  for  field  studies  of  scrub 
typhus  in  Thailand. 

METHODS:  As  a  pilot  project,  class  1-4,  138  soldiers  undergoing 
Special  Forces  training  at  Pak  Chong,  Nakhon  Ratchsima  province, 
contributed  blood  samples  before  and  after  their  training. 

Training  consisted  of  four  weeks  of  mixed  classroom  and  field 
problems  and  four  days  of  jungle  bivouac  approximately  15-20  km. 
from  the  base  camp.  The  troop  training  includes  daily  contact 
with  forested  or  grassy  areas  and  a  bivouac  in  similar  areas. 

Total  field  exposure  was  calculated  for  each  individual  and 
background  infornuition  on  age,  rank,  occupation  (both  in  and  out¬ 
side  of  the  military),  home,  travel  ;ind  previous  malical  history 
was  taken.  The  latter  of  the  two  blood  samples  was  collected  two 
weeks  after  the  end  of  training.  The  blood  samples  were  tested 
by  the  Weil -Felix  (90)  and  by  the  indirect  immunofluorescence 
tests  (89). 

Rodents  and  other  small  mammals  were  live-trapped  in  each  habitat 
associated  with  troop  training.  Fifty  to  100  traps  were  placed 
in  2-3  habitats  each  night.  All  small  mammals  collected  were 
identified  to  species,  sexed,  aged,  bled  via  cardiac  or  retro- 
orbital  puncture  and  examined  for  ectoparasites.  Rodent  rickettsial 
identification  will  be  done  at  AFRIMS  by  the  IFA  technique  (89). 
Attacheil  chiggers  were  gently  scraped  off  and  placed  in  vials 
containing  701  F.TDll.  Chiggers  were  counted  and  collated  according 


Table  70.  Small  Manuals  Collected,  by  Habitat,  in  the  Pak  Chong 


0) 

fH 

■9 

f- 


ISW 

STiS 

BTBdni 

irujBJ 

snjiBy 

fpjnq  ij^nq 
sniiB'y" 

JOXODTAJaO 

snw 

Bor^T 

BioDfpufg 

(/) 

Oax: 

bO 

'H 

H 


Q 

Cj 

X 


CM  \0  CM 

00  ^ 

100 

*-<  \0  *-< 

00 

o  •-H 

00 

i-H  1  1 

\0  1  i 

^o 

«-*  I  1 

(N  Oi 

to 

O)  r>j  T3- 

sO 

^o 

I/) 

t/) 

bO 

C 


cQ 

a> 

c 

4> 

bO 

O 


03 

UJ 


C 

a> 

a> 

u 

u> 

0) 

> 

aJ 

>s 

13 

c 

o 

o 

o 

iA 


^  XXII, 1 


Banana  Orchard 


to  host  species  and  habitat.  Unengorged  chiggers  were  collected 
in  the  troop  training  areas  by  black  plates.  Chiggers  collected 
from  black  plates  were  kept  alive  in  vials  of  water  and  sent 
to  USAKOlU-Kuala  Lunpur,  for  rickettsia  isolation  by  the  micro 
direct  fluorescent  antibody  (NDFA)  technique  (91). 

RESULTS ;  The  initial  part  of  the  study  involved  a  thorough 
reconnaissance  of  the  two  study  areas.  The  terrain  surrounding 
the  base  can^  is  government  owned  and  is  hilly  and  primarily 
covered  with  secondary  evergreen  forests,  although  disturbed 
areas  with  early  regenerating  vegetation  (woody  plants,  grass) 
are  also  found  in  several  of  the  training  areas.  The  government 
owned  property  is  completely  surrounded  by  privately  owned  rolling 
hills  which  have  been  cleared  of  forest  and  are  planted  in  agri¬ 
cultural  crops,  primarily  maize.  Several  training  areas  utilized 
by  the  troops  are  on  the  edge  of  the  government  property  and 
adjacent  to  the  maize  fields.  The  soil  in  the  base  camp  training 
areas  is  primarily  red-orange  clays.  The  forests  in  the  area  are 
fairly  well  preserved  with  considerable  humus  and  leaf  litter, 
indicating  that  fires  are  uncommon . 

The  troop  bivouac  areas  are  located  on  non -government  property 
in  a  valley  at  the  foot  of  forested  mountains.  These  sites 
consist  primarily  of  grass  (lalang)  and  isolated  patches  of 
regenerating  and  secondary  evergreen  forest.  The  bivouac  areas 
are  usually  located  in  between  or  next  to  private  agricultural 
property.  The  civilians  in  the  area  annually  burn  the  maize 
stalks  and  adjacent  grass  and  forest  areas.  Consequently,  there 
is  little  humus  and  leaf  litter  present.  The  soil  type  in  the 
bivouac  areas  is  a  sandy  loam  which  dries  very  quickly. 

The  first  entomological- rodent  trapping  studies  occurred  during 
the  period  18  June-2()  .July  1978,  and  were  conducted  during  two 
separate  10  day  periods.  The  first  period,  18-27  .June,  corresponded 
with  the  first  10  days  of  troop  training  around  the  base 'camp. 

The  second  period,  19-26  .July,  corresponded  with  the  troop  bivouac 
period  in  a  small  village  area,  Ban  W;uig  See  Sod,  about  15-20  km 
from  the  base  camp . 

[hiring  the  first  entomological  study  period  three  basic  habitats 
in  nine  training  areas  were  trapped  for  small  mammals,  i.e.,  early 
regenerating  grass,  early  regenerating  evergreen  and  secondary 
evergreen.  A  total  of  1,^2  small  mammals  of  eight  species  were 
trapped  in  these  habitats  over  the  10  day  period  (Table  70). 

Rattus  rattus  was  the  most  commonly  trapped  mammal.  A  total  of 
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21  collections  (black  plate)  were  made  for  unengorged  chiggers. 

These  collections  resulted  in  168  chiggers  which  were  sent  to 
USAMRU-Kuala  Lumpur  for  rickettsia  isolations.  Of  the  168,  7.2% 
of  the  specimens  were  found  positive  for  Rickettsia  tsutsugamushi 
(Table  7il).  The  infected  specimens  included  nine  Leptotrombidiuro 
(L)  deliense  and  three  Leptotrombi cium  (y  miculum  arvinum. 

During  the  second  entomological  study period  three  basic  habitats 
in  and  adjacent  to  two  bivouac  areas  were  trapped,  i.e.  early 
regenerating  grass  (lalang),  secondary  evergreen  and  banana  orchard. 
A  total  of  100  small  mammals  of  five  species  were  captured  in 
these  habitats  over  the  10  day  period  (Table  72).  Again,  £.  rattus 
was  by  far  the  most  commonly  trapped  manmal.  A  total  of  14  black 
plate  collections  were  made  in  the  areas  for  unengorged  chiggers, 
resulting  in  only  20  specimens.  These  specimens  were  sent  to 
USAMRU-Kuala  Lumpur  and  all  were  found  negative  for  R.  tsutsugamushi 
(Table  73).  The  low  chigger  densities  on  the  black  plates  in  this 
study  area  were  probably  due  to  the  low  leaf  litter-humus  content 
on/in  the  sandy-porous  soil.  Although  rain  fell  nearly  every  day 
and  chiggers  were  very  abundant  on  the  trapped  mammals,  the 
disturbed  nature  of  the  soil  and  vegetation  was  apparently  not 
conducive  to  high  chigger  densities  in  the  absence  of  the  mammals 
or  their  burrows.  Of  138  soldiers,  none  showed  Weil-Felix  titers 
suggestive  of  recent  infection  (  160)  in  the  pre-training  serum 

sample.  No  specimens  had  an  IFA  titer  of  1:50  or  greater.  Post¬ 
training  specimens  demonstrated  a  four  fold  or  greater  titer  rise 
in  six  soldiers  by  the  Weil-Felix  examination  (all  were  titer 
rises  from  1:20  to  1:40),  but  all  soldiers  were  negative  by  the 
IFA  technique. 

The  rodent  sera  from  both  study  areas  remain  to  be  examined  for 
R.  tsutsugamushi  antibody  levels.  Engorged  chiggers  taken  from 
the  mammals  captured  during  both  study  periods  are  being  mounted 
on  slides  for  later  identification. 

24.  The  Prevalence  of  Poliovirus  Infection  in  a  Lower 
Socioeconomic  School  Population 

OBJECTIVE :  To  define  the  prevalence  of  posiovirus  antibodies  in 
a  school  population  in  a  socioeconomic  environment  in  Bangkok. 

BACKGROUND :  Improved  sanitation  is  a  key  element  of  the  public 
health  program  of  a  developing  country.  As  a  consequence,  one 
might  predict  that  naturally-acquired  infections  with  polioviruses 
in  early  childhood  would  become  less  prevalent  as  living  conditions 
improved.  A  possible  risk  of  postponed  exposure  to  wild  polio- 
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Table  73.  Age  Specific  Prevalence  of  Polio  Antibody  in  School 
Children  of  Lower  Socioeconomic  Status,  1977. 


Age  No.  No.  and  %  of  Positive*  Individuals  Against 


(yrs)  Tested 

Polio  I 

Polio 

II 

Polio 

III 

All  three 

types 

No. 

% 

No. 

% 

No. 

% 

No. 

% 

4 

60 

43 

71.1 

47 

78.3 

39 

65 

27 

45 

5 

66 

51 

77.3 

61 

92.4 

44 

66.7 

37 

56. 

6 

91 

76 

83.5 

86 

94.5 

82 

90.1 

68 

74.7 

7 

188 

169 

89.9 

187 

99.5 

172 

91.5 

156 

83 

8 

199 

184 

92.5 

194 

97.5 

165 

82.9 

151 

75.91 

9 

227 

215 

94.7 

223 

98.2 

208 

91.6 

200 

88.1 

10 

258 

248 

96.1 

248 

96.1 

237 

91.9 

225 

87.2 

11 

211 

198 

93.9 

203 

96.2 

185 

87.7 

173 

81.99 

12 

243 

238 

97.9 

241 

99 

225 

92.6 

217 

89.3 

13 

259 

247 

95.4 

253 

97.7 

242 

93.4 

232 

89.6 

14 

134 

130 

97.0 

132 

98.5 

123 

91.7 

119 

88.8 

15 

53 

51 

96.2 

52 

98.1 

49 

98.1 

49 

92.4 

Total 

1989 

1850 

93.0 

1927 

96.88  1774 

89.19 

1654 

83.16 

*  Positive  n^tralization  antibody  for  dilution  1:5 
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viruses  is  an  increase  in  apparent,  paralytic  poliomyelitis 
cases.  As  the  cost  of  vaccination  of  large  groups  may  be  too 
great  for  countries  with  limited  economic  resources,  periodic 
studies  to  evaluate  the  immune  status  to  poliovirus  among  children 
may  be  very  useful  in  public  health  planning. 

METHODS;  Sera  were  obtained  from  volunteer  students  of  the 
Pibulprachasan  School  in  Din  Daeng  area  of  Bangkok.  A  questionnaire 
requesting  the  student's  past  history  of  immunization  was  com¬ 
pleted  by  the  parents  of  participating  students.  Metabolic 
inhibition  tests  for  detection  of  the  presence  of  neutralizing 
antibody  to  the  three  types  of  polioviruses  were  performed.  The 
method  of  detection  is  briefly  as  follows:  heat-inactivated  sera 
were  diluted  to  1:5  and  1:10;  0.05  ml  of  diluted  sera  were  mixed 
with  an  equal  volume  of  100  TCID  50  of  either  Polio  I,  Polio  II, 
or  Polio  III  virus  in  suspension  in  sterilized  microtiter  plates. 

The  virus- serum  mixtures  were  incubated  at  room  temperature  for 
30  minutes;  then  0.05  ml  of  a  Hela  cell  suspension  (100,000  cell/ 
ml)  was  added  and  covered  with  mineral  oil.  Plates  were  incubated 
in  a  35°C  incubator  and  results  read  at  7  to  8  days.  The  in¬ 
hibition  of  cell  metabolism,  ns  shown  by  a  red  color  of  the  Phenol 
red  PH  indicator  in  the  medium,  indicated  lack  of  Poliovirus 
antibody.  A  neutralizing  antibody  titer  of  less  than  1:5  was 
interpreted  as  negative. 

RESULTS ;  Forty-five  percent  of  the  4-year  old  school  children 
studied  had  serum  neutralizing  antibodies  against  all  three  types 
of  polioviruses.  By  age  nine,  almost  ninety  percent  had  antibody 
to  all  three  types  of  polioviruses  (Table  73  and  Figure  7).  Of  the 
total  of  1989  students,  83%  had  had  exposure  to  poliomyelitis 
viruses  of  all  three  types.  Information  collected  by  questionnaire 
suggested  that  most  had  never  received  polio  vaccine.  By  comparing 
the  present  study  to  a  similar  study  of  Thai  children  in  1961  (92), 
when  50%  of  study  population  had  antibody  to  all  three  types  of 
polioviruses  at  the  age  of  four,  it  appears  that  factors  influencing 
exposure  to  polioviruses  have  not  significantly  changed.  Children 
continue  to  be  exposed  to  polioviruses  early  in  life,  and  the 
probability  of  paralitic  poliomyelitis  continues  to  be  relatively 
low. 


25.  Rubella  Antibody  Prevalence  in  Bangkok  School  Children 
OBJECTIVES: 


1.  To  determine  the  pattern  of  distribution  of  rubella 
antibody  in  school  children  in  Bangkok. 


2.  To  develop  a  hemagglutination-inhibition  test  for 
ruebella  antibody  for  use  in  AFRIMS  Laboratory. 

BACKGROUND ;  Rubella  is  only  one  of  many  viral  fever-rash  syndromes 
that  occur  in  children  living  in  the  tropics.  It  is  generally  a 
mild  disease  and  tends  to  be  discounted  in  the  overall  picture 
of  childhood  diseases.  Its  epidemiology  in  Thailand  is  not  well 
defined.  The  importance  of  rubella  arises  from  its  teratogenic 
effects  when  contracted  by  a  women  in  the  early  stages  of  a 
pregnancy. 

A  survey  done  in  Bangkok  during  1969-1970  found  rubella  antibody 
in  52.7  percent  of  the  females  tested,  most  of  whom  (84%)  were  of 
child  bearing  age  (15-45  years)  (93).  Of  the  205  children,  ages 
five  to  fourteen  years,  included  in  the  earlier  Bangkok  survey 
53.2%  were  seronegative.  This  is  in  contrast  to  similar  surveys 
done  in  the  U.S. ,  Europe,  and  Mexico  where  at  least  80%  of  females 
of  child  bearing  age  were  found  to  have  antibody,  the  seroconver- 
sions  usually  occurring  by  age  15  years  (94,  95).  The  authors 
of  the  Bangkok  report  attributed  the  low  prevalence  of  antibody 
to  the  absence  of  rubella  from  Thailand  for  several  years  preceding 
its  epidemic  return  in  September  1967. 

During  the  decade  since  the  1967  epidemic,  rubella  has  continued 
to  be  present  in  Thailand  as  evidenced  by  the  surveillance  data 
of  the  Ministry  of  Public  Health,  although  there  have  been  no 
major  outbreaks  (96). 

KETHODS :  Phibunprachasan  School  in  Bangkok  serves  a  lower  income 
and  slum  area  population.  The  students  range  from  4  to  15  years 
old.  An  estimated  82%  are  Thai  with  the  remaining  18%  of  Chinese 
or  Chinese-Thai  origins.  Of  1987  who  agreed  to  take  part  in  a 
research  project,  an  age  stratifed  sample  of  528  sera  were 
selected  at  random  to  be  used  in  this  survey.  Both  males  and 
females  were  tested. 

The  sera  were  stored  at  -20°C  until  tested.  Antibody  to  rubella 
was  determined  by  hemagglutination-inhibition  test  (HI)  using 
microtechniques  (97,  98,  99).  Antigen  and  control  sera  were 
obtained  from  Flow  Laboratories,  U.S. A. 

Pretreatment  of  sera;  0.1  ml  of  sera  was  inactivated  at  560C  for 
30  minutes.  To  removed  nonspecific  inhibitors,  the  sera  was 
extracted  with  10  ml  of  cold  acetone.  The  sample  was  then 
centrifuged  (1800  rpm,  7-10  min.)  and  the  supernate  discarded. 
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Number  tested 


After  the  second  extraction  the  precipitate  was  dried  in  a  370C 
incubator  overnight.  The  sera  was  then  rehydrated  with  0.5  ml 
of  borate  saline,  pH  9.0.  This  yielded  a  1:5  dilution  of  the 
sera.  The  sera  were  then  absorbed  with  0.05  ml  of  a  50%  suspen¬ 
sion  of  baby  chick  red  blood  cells  in  normal  saline. 

Hemagglutination  (HA) :  Antigen  activity  was  determined  by  HA. 

Two  fold  serial  dilutions  of  antigen  were  made  in  microtiter  U 
plates,  using  0.05  ml  of  0.4%  bovine  albumin  in  borate  saline, 
pH  9.0,  as  the  buffer.  An  equal  volume  of  0.25%  baby  chick  red 
blood  cells  suspended  in  phosphate  buffer,  pH  6.2*,  was  added  to 
each  well.  The  plates  were  incubated  in  an  ice  bath  for  60-90 
minutes  and  then  read.  The  highest  dilution  that  yielded  complete 
agglutination  was  considered  to  contain  1  HA  unit. 

The  dilution  that  was  then  equivalent  to  4HA  units  in  0.025  ml 
was  then  used  in  the  HI  test. 

HI:  Serial  dilutions  of  0.025  ml  test  sera  (and  controls)  were 
made  in  microtiter  V-plates.  0.025  ml  of  the  antigen  dilution 
(i.e.  4  HA  units)  was  combined  with  the  samples.  Albumin  borate 
saline,  pH  9.0,  was  used  as  the  buffer.  After  incubating  the 
sera  antigen  mixtures  at  40^C  for  1  1/2  hours,  0.025  ml  of  the 
0.25%  baby  chick  RBC  suspension  was  added  to  each  well.  The  plates 
were  then  incubated  in  an  ice  bath  for  60-90  minutes.  Complete 
inhibition  of  hemagglutination  at  a  dilution  of  1:10  or  higher 
was  considered  evidence  or  prior  rubella  infection. 

RESULTS :  Of  the  528  sera  tested,  189  (.35.8%)  were  positive  at 
1:10  or  greater.  The  antibody  prevalence  by  age  group  is  shown 
in  Figure  8.  The  graph  indicates  a  gradual  acquisition  of  anti¬ 
body  titer  with  increasing  age  as  the  prevalence  ranges  from 
0.0%  positive  in  the  youngest  group  to  40-60%  positive  in  the 
older  groups. 


*  Red  cell  suspensions  at  pH  6.0  and  0.2  were  conpared.  As  the 
suspension  at  pH  6.2  showcil  a  clearer  pattern  it  was  used  in  the 
HI  and  HA  tests. 
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26.  Chemotherapy  of  Gnathostomiasis 

OBJECTIVE :  To  continue  to  search  for  chemicals  with  effective 
chemotherapeutic  activity  against  advanced  third-stage  larvae  of 
Gnathostoma  spinigerum  in  experimentally  infected  mice  and  cats. 

BACKGROUND :  These  studies  are  a  continuation  of  the  work  reported 
in  previous  years.  Many  anthelminthic  drugs  have  been  evaluated 
for  possible  chemotherapeutic  activity  against  experimental 
G.  spinigerum  infection  of  white  mice  with  advanced  third-stage 
larvae  or  migrating  stages  of  the  worm.  All  drugs  tested  have 
been  ineffective  except  Ancylol  disophenol  given  in  subcutaneous 
injections  at  one  week  intervals  to  infected  white  mice .which 
showed  significantly  reduced  numbers  of  £.  spinigerum  larvae 
compared  with  control  mice.  However,  a  second  group  of  infected 
white  mice  showed  no  significant  reduction  of  the  larvae  after 
being  injected,  also  with  8  doses  of  the  same  drug  (100).  The 
screening  test  with  this  drug  on  the  mice  infected  with  the 
G.  spinigerum  larvae  was  then  suspended. 

It  was  also  shown  previously  (100)  that  12  doses  of  0.05  ml/lb 
body  weight  of  parenteral  Ancylol  given  to  2  cats  at  10  day 
intervals  were  very  effective  in  reducing  numbers  of  G.  spinigerum 
larvae;  the  dosage  of  this  drug  at  0.04  ml/ lb  body  weight  remained 
to  be  tested. 

Etrenol  (Hycanthone)  was  previously  tested  on  mice  infected  with 
G.  spinigerum  advanced  third-stage  larvae  by  oral  administration 
but  showed  no  therapeutic  effect  on  the  infection  (101). 

METHODS :  Ancylol:  Two  adult  domestic  cats,  after  being  kept  at 
the  Veterinary  Medicine  facility  for  about  one  year  and  proved 
negative  for  natural  Gnathostoma  infection  (monthly  stool  examina¬ 
tion  for  Gnathostoma  eggs  by  Formalin  Ether  Sedimentation 
technique  (Ritchie))  were  infected  each  with  71  and  99  G.  spinigerum 
advanced  third-stage  larvae  obtained  from  experimentally  infected 
mice.  After  the  infection  was  permitted  to  continue  for  37  and 
42  days,  each  cat  was  administered,  parenteral  ly ,  12  doses 
of  0.04  ml  per  lb  body  weight  at  10-day  intervals. 

Mice  of  the  ICR  strain  were  infected  by  oral  administration,  each 
with  five  G.  spinigerum  advanced  third-stage  larvae.  After  the 
infection  became  established,  the  following  drugs  and  regimens 
were  tested:  1.  Etrenol  (Hycanthone  Winthrop  Products  Inc.): 

This  drug  is  used  for  schi stosomicidal  activity.  Tlie  drug  was 
given  by  intramuscular  injection  and  the  dosage  guide  for  treating 
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bilharziasis  was  followed.  2.  Trodax:  (Nitroxynil  aqueous 
solution  of  the  eglumine  salt  for  subcutaneous  administration) 
proved  to  give  therapeutic  results  against  fascioliasis  of  sheep 
and  cattle  and  against  Ancylostoma  caninum  in  dogs.  This  is 
produced  by  May  and  Baker  LTD.,  England.  3.  Joint  (Oral 
administration)  or  phenylene-diisothiocyanate-(l,4) ,  proved  to 
give  therapeutic  results  on  nematodes  and  cestodes  infesting  a 
variety  of  animals.  The  drug  is  produced  by  Farbwerke  Hoechst 
AG,  Germany. 

Infected  control  mice  for  every  drug  tested  were  injected  only 
with  sterile  distilled  water.  After  completion  of  the  treatment 
schedule,  all  mice  were  sacrificed  and  necropsied.  Parasites 
found  in  various  tissue  were  counted  and  the  results  recorded. 

RESULTS ;  The  two  cats  treated  with  12  doses  of  Ancylol  0.04  ml/lb 
body  weight  at  10-day  intervals  showed  an  effective  therapeutic 
results,  as  one  was  negative  and  the  other  had  only  two  living 
larvae  in  the  diaphragm,  compared  with  16  larvae  and  immatures 
found  in  the  two  control  cats  (Table  74.  The  treated  animals 
showed  no  gross  pathological  changes  or  toxic  effects  of  the 
organs  caused  by  the  drug.  It  is  suggested  that  Ancylol  be  tested 
parenterally  in  non-human  primates  infected  with  migrating  larval 
stage  of  G.  spinigerum,  using  the  same  regimen  of  multiple  dosages 
of  the  drug  and  longer  intervals  between  the  doses.  The  results 
obtained  from  the  experiment  on  primates  should  lead  to  considera¬ 
tion  of  further  trials,  on  man  if  possible. 

Etrenol  (Hycanthone) :  This  drug  was  given  intramuscularly  to  the 
infected  mice  in  one  and  two  dose  regimens  (one  daily  dose)  of 
5  mg,  10  mg,  15  mg,  20  mg  per/kg  body  weight.  The  results  with 
these  small  dosages  are  shown  in  Table  75.  There  was  no  significant 
reduction  in  the  number  of  gnathostome  larvae  in  the  treated  mice 
compared  with  the  control  mice  for  any  regimen.  Therefore, 

Etrenol  (Hycanthone)  given  intramuscularly  at  these  lower  dosages 
is  considered  to  have  no  therapeutic  effect.  Further  trials  on 
the  infected  mice  at  larger  dosages  of  the  drug,  especially  with 
50  mg,  100  mg,  150  mg,  per  kg  body  weight  given  intramuscularly, 
are  now  in  progress. 

Jonit:  This  drug  was  administered  orally  one  dose  for  one  day  and 
one  daily  dose  for  two  days  using  dosages  of  50,  100,  150  mg/kg 
body  weight  on  mice  infected  with  G.  spinigerum  advanced  third- 
stage  larvae.  The  results  are  shown  in  Table  76.  The  drug  is 
considered  to  have  no  therapeutic  value  in  the  treatment  of 
G.  spinigerum  infection. 


SU>i4ARY :  Two  cats  infected  with  G.  spinigerum  migrating  stage 
larvae  were  successfully  treated  with  12  doses  of  Ancylol  0.04 
ml/ lb  body  weight  at  10-day  intervals.  Neither  cat  showed  any 
evidence  of  gross  pathological  changes  caused  by  the  drug.  It 
is  suggested  that  Ancylol  be  tried  on  primates  with  the  same 
regimen  before  trials  be  begun  in  man.  Intramuscular  administration 
of  Etranol  (Hycanthone)  to  infected  mice  with  small  dosages  was 
ineffective  and  further  trials  at  larger  dosages  are  in  progress. 

Trodax  (Nitroxynil)  subcutaneous  administration  and  oral  adminis¬ 
tration  of  Joint  (Phenylene-diisothiocynate- (1 ,4)  were  ineffective 
in  the  chemotherapy  of  Gnatho stoma  spinigerum  in  experimentally 
infected  mice. 


This  is  a  final  report  from  this  Laboratory.  Work  in  progress 
will  be  continued  at  the  Faculty  of  Tropical  Medicine,  Mahidol 
University, 


Table  74.  Treatment  of  Gnatbostoma  spinlgerum  Migrating  Stage  Larvae  Infected  Cats  with  Multiple 
Subcutaneous  Doses  of  Ancylol  Disophenol,  0.04  ml  per  lb  Body  Weight  per  Dose  for 
12  Doses  at  10-day  Intervals 


Treatment  of  Gnathostoma  splnlgerum  Advanced  Third-stage  Larvae  Infected  Mice  each 
with  One  Dose  and  Two  Doses  (One  Daily  Dose)  of  Etrenol  (Hycanthone)  Intra-muscular 


Table  77.  Treatment  of  Gnathostoma  splnlaerum  Infected  Mice  with  One 
Subcutaneous  Dose  of  Trodax  (Nltroxynll) 


Trodax 

(Nltroxynll 

basis) 

Drug  Dose 
(■g/kg) 

5 

Control 

10 

Control 

15 

Control 

20 

Control 


No.  of  Infected  Mice 
Treated 

Third-stage 
Larvae  Found; 
Number  (X) 

20 

46(46) 

10 

25(50) 

20 

51(51) 

10 

23(46) 

20 

48(48) 

10 

24(48) 

20 

42(42) 

10 

25(50) 

Time  of  Necropsy 
(Days)* 
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23.  (U)  Find  new  prophylactic  and  curative  drugs  which  can  be  used  to  prevent  and  cure 
schistosomiasis  Infections  that  would  be  acquired  by  U.  5.  military  and  000  civilians 
In  the  event  of  deployment  in  endemic  areas  such  as  South  America,  Caribbean,  Africa, 
Middle  East  and  Far  East. 

24.  (U)  The  WRAIR  Anti -Schistosomal  Drug  Development  Program  submits  drugs  for  prophy¬ 
lactic  and  therapeutic  testing  against  schistosomiasis  mansoni  In  mice.  The  prophylac¬ 
tic  mortality  test  screens  drugs  against  mice  exposed  to  3,000  or  more  S.  mansoni  cer- 
carlae,  and  the  drugs  are  given  subcutaneously  In  a  single  dose  at  640  mgs/ko.  The 
curative  test  uses  mice  exposed  to  160  cercarlae,  and  30  -  35  days  later  drugs  are  given 
subcutaneously  at  100  mgs/kg  for  five  days.  Prophylactic  druq  activity  Is  measured  by 
mouse  survival  and  curative  drug  activity  Is  measured  by  sick  and  dead  worms  In  the 
liver.  During  the  reporting  period,  we  Initiated  experiments  aimed  at  expanding  the 
program  to  Include  a  Secondary  Curative  Test. 

25.  (U)  77  10  -  78  09.  This  research  is  complementary  to  studies  being  conducted  under 
DAOB  6525,  Work  Unit  086,  entitled  "Chemotherapeutic  Studies  on  Schistosomiasis".  The 
laboratory  Blomphalarla  glabrata  (Paullsta)  snail  colony  maintained  an  average  popula¬ 
tion  of  1,000  -  1,200  cercarlae  shedding  snails.  The  exposed  snail  survival  rate  was 
88  percent,  with  a  54  percent  Infection  rate.  Thus  3  to  5  million  cercarlae  were 
available  for  weekly  mouse  exposures.  During  FY7R,  1,195  selected  WRAIR  Cottle  Number 
drugs  were  tested  for  prophylactic  and  curative  activity.  The  results  were  as  follows: 
A.  Prophylactic  testing:  396  drugs  negative  or  unconfirmed  active,  136  drugs  toxic, 
and  6  drugs  confirmed  active;  C.  Curative  testinn:  610  drugs  negative  or  unconfirmed 
active,  32  druos  toxic,  and  15  drugs  confirmed  active;  C.  5  drugs  were  active  In  both 
test  systems.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual 
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PROJECT  NO:  3M>62770A802  MILITARY  PREVENTIVE  MEDICINE 


WORK  UN  I  T  :009  ANT  I -SCHISTOSOMAL  DRUG  DEVELOPMENT 


DESCRIPTION: 

Schistosomiasis  continues  to  be  ranked  among  the  most 
Important  of  the  tropical  diseases,  yet  we  still  lack 
suitable  means  for  chemotherapeutic  management,  and 
have  no  means  for  chemoprophyl actic  management.  The 
only  drugs  currently  available  demonstrate  only  partial 
curative  efficacy  and  are  often  accompanied  by  adverse 
side  effects  ranging  from  carcinogenicity  to  headaches 
and  dizziness.  Considering  the  actual  and  potential 
global  commitments  of  United  States  military  and  civil¬ 
ian  personnel,  the  risks  to  Infection  with  one  of  the 
human  schistosomes  remains  high.  Indeed  the  Incidence 
of  Infection  within  foci  of  local  Indigenous  populations 
may  approach  100  percent.  Consequently,  a  major  resear¬ 
ch  effort  In  anti -schl stosome  drug  development  is  being 
vcarried  out  by i  thei  Ha  1  ter  Reed  Army  Institute  of  Resear- 
ich'ln  conjunction  with  the  Uni  vers  1 ty. of  Brasilia  ( 
USAMRU-Bra si  1 1  a ) »  The  test  compounds  arei obtained  from 
.  the, Divl Sion  of  Experimental  Therapeutics  (WRAIR)  and 
are  tested  for  prophylactic  and  curative  activity  in 
miceiat  the> USAMRU-Brasi 1  la .  Cur  ul timate, objectives 
are  the  Identification  of  compounds  with  a-, high  potential 
for  use  In  the  prevention  and  treatment  ofr,  schistosomlasi 
mansoni  . 

<  •  )  ,'  N  ■'  I  ,  ■  t  .  ■  ■  (. 

PROGRESS:  ... 

1  1  I  »  1  »  i 

a  .  I  La  bora tory  Facility.  During  the  reporting  period 
'the  laboratory  operations  were  Improved-  by . the  addition 
of  two  new  Items  of  equipment:  1)  a.new  Mettler  elec- 
> tronic  top  loading  analytical  balance  has  considerably 
reduced  the  drug  preparation  time  and  Improved  the  ac- 
icuracy  of  the  finished  product;  2)  the  acquisition  of 
a  new  stereozoom  Olympus  microscope* has  provided  the 
•Increased .  capabi  1 1  ty  for  procedures  requiring  these 
features  <e.q.  liver  squash  preparations).! 

’.ill  »  -»  •  I  •«  X  . 

b.  'Animal  Facilities.  As  reported  earlier,  the  con- 


version  to  corncob  cellulose  bedding  effectively 
eliminated  the  problem  of  mouse  Infection  failures; 
this  favorable  situation  has  continued  throughout  the 
current  reporting  period.  Early  In  the  year,  serious 
problems  were  encountered  at  the  Bloterlo  of  the 
UnlversHy  of  Brasilia  relative  to  the  weekly  supply 
of  healthyanimals  In  the  numbers  required.  While  our 
normal  laooratory  operations  require  a  full  comple¬ 
ment  of  400  mice  per  week,  weighing  between  18  and 
23  grams,  on  many  weeks  we  received  no  mice  at  all 
or  only  a  few  mice.  These  were  underweight  and  quite 
often  sick.  Later  histopathologic  analyses  confirmed 
an  almost  universal  Infection  with  coccldlosis  concur¬ 
rent  with  multifocal  hepatitis,  the  combination  of 
which  with  schistosome  Infection  often  led  to  bacterial 
liver  abscesses.  Efforts  are  presently  underway  to 
upgrade  the  mouse  breeding  colony  and  to  Improve  the 
environmental  conditions  under  which  the  colony  is 
maintained. 

c.  Snail  Colony.  The  Riomphalarla  gl abrata  (Paullsta 
Strain)  snail  colony  continues  to  provide  Schistosoma 
mansoni  cercarlae  In  sufficient  quantities  to  perform 
the  weekly  mouse  exposures  for  drug  testing  and  life 
cycle  maintenance.  A  weekly  average  of  400  snails  were 
exposed  to  miracldia  recovered  from  macerated  infected 
mouse  livers.  An  acceptable  level  of  prepatent  mor¬ 
tality  (22  percent)  was  obtained;  of  the  survivors  wh¬ 
ich  were  screened  42  days  post-exposure,  54  percent 
were  positive  for  emerging  cercarlae.  These  are  main¬ 
tained  for  future  cercarlae  collections  and  a  weekly 
average  population  of  1,000  to  1,200  positive  snails 
are  on  hand  at  one  time.  In  general  approximately  45 
percent  of  the  snails  exposed  are  later  recovered  with 
patent  Infections. 

d.  Drug  Testing.  A  total  of  1,244  bottle  numbered 
drug  samples  were  received  from  WRAIR  during  the  re¬ 
porting  period.  Of  these,  703  compounds  were  designa¬ 
ted  for  both  prophylactic  (PMT)  and  curative  (PCT) 
testing;  539  compounds  were  designated  for  only  cur¬ 
ative  testing;  and  two  compounds  were  designated  for 
only  mortality  testino.  (See  below  for  descriptions 
of  the  test  systems)  while  these  compounds  were  ship¬ 
ped  and  received  durino  the  year,  many  have  not  yet 
been  tested  because  of  our  Increased  emphasis  on  the 
Important  matter  of  retestino  older  compounds  which 
showed  Indications  of  activity  or  toxicity,  or  for 
which  the  control  group  data  were  questionable.  The 
backlog  of  newer  compounds  Is  currently  being  diminished 
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as  retesting  Is  completed. 


We  have  the  capability  of  performing  twice  monthly 
tests  in  each  of  the  two  systems,  prophylactic  and 
curative.  While  normal  PCT  testing  can  evaluate  60 
compounds  at  a  time  and  PMT  testing  can  evaluate  50 
compounds  at  once,  the  mouse  supply  was  the  primary 
limiting  factor.  During  the  period  of  the  above 
mentioned  problems  with  the  Bioterio  mouse  colony, 
we  often  received  much  reduced  numbers  in  the  weekly 
deliveries  and  on  some  weeks  we  received  none.  We 
are  currently  receiving  approximately  75  percent  of 
our  full  weekly  complement  of  400  mice  (Swi ss-Hol 1  and 
40  albino,  45  ±  5  days  old,  weighing  18  -  23  grams). 
However,  the  test  systems  incorporate  enough  flex¬ 
ibility  that  testing  can  be  continued  using  a  reduced 
number  of  experimental  compounds  per  test  run.  Addi¬ 
tionally,  the  reduced  numbers  of  animals  provided  the 
opportunity  to  perform  other  experimental  evaluations 
Uuch  as  standardizations  of  a  Secondary  Curative 
Test)  which  required  fewer  numbers  of  animals.  See 
Figure  1  which  depicts  the  workload  data  for  FY78. 

e.  Operating  Personnel.  The  drug  testing  program  is 
directed  by  one  American  Senior  Investigator  and  sup¬ 
ported  by  a  staff  of  eight  Brazilian  Laboratory  Assis¬ 
tants  (one  position  vacant).  The  operating  program  is 
broken  down  into  five  work  areas  which  are;  1)  Snail 
Colony  (two  people);  2)  Animal  Service  (two  people); 

3)  Necropsy  (one  person);  4)  Pharmacy  (two  people);  and 
5)  Administration  (one  person).  All  individuals  are 
cross-trained  to  perform  the  seven  day  work  schedule 
of  daily  snail  maintenance,  subcutaneous  and  gavage 
drug  administration,  daily  mouse  maintenance  with  mor¬ 
tality  checks,  and  mouse  exposures  to  cercariae.  Each 
individual  is  able  to  perform  all  duties  in  two  other 
areas  of  work. 

TEST  PROCEDURES: 

a.  General  .  Whereas  in  past  years,  all  drugs  received 
were  normally  tested  for  prophylactic  activity  first, 
the  current  system  now  places  a  priority  of  prophylactic 
or  curative  testing  on  each  compound.  For  those  compounds 
received  for  testing  in  both  systems,  prophylactic  tes¬ 
ting  is  still  performed  first.  All  tests,  prophylactic 
or  curative,  are  performed  with  groups  of  five  mice  per 
drug  per  dosage  schedule,  all  mice  are  individually 
tail-exposed  30  minutes  to  the  numbers  of  cercariae  re¬ 
quired  by  the  specific  test.  Drugs  are  routinely  pre- 
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pared  for  administration  in  a  peanut  oil  vehicle 
unless  another  vehicle  (such  as  water,  saline,  alcohol, 
or  cremophor)  has  been  previously  recommended.  All 
drugs  are  administered  subcutaneously  unless  orally 
(by  gavage)  has  been  designated.  Likewise,  all  drugs 
are  administered  In  terms  of  mgs  per  kg  body  weight 
of  mouse  recipient. 

b.  Primary  Mortality  Test  (PHT).  The  PMT  Is  a  pro- 
phylactlc  test  ^n  that  It  evaluates  drug  activity 
against  Immature  nlqrating  larval  schistosomes.  Mice 
are  exposed  to  3,000  -  3,500  mansoni  cercarlae. 

Two  days  after  exposure  drugs~are  administered  In  a 
single  Innoculatlon  to  the  five  test  animals  per  drug. 
The  standard  initial  test  dose  Is  640  mgs/kg  and  fu¬ 
ture  testing  repeats  this  dose  with  other  groups  at 
lower  dosages.  The  640  mgs/kg  dose  Is  a  reduction 

of  the  1280  mgs/kg  dose  used  In  earlier  testing,  but 
the  experience  of  the  past  four  years  has  Indicated 
that  nothing  is  gained  by  the  higher  dose  In  detecting 
active  compounds,  while  the  lower  dose  conserves  the 
limited  supply  of  compound  for  future  testing. 

For  every  PMT  group  there  are  control  groups  of  1) 

50  Infected  untreated  mice,  2)  10  normal  mice,  and  3) 
five  mice  treated  with  the  reference  drug  Nlrldazole 
(640  mgs/kg).  The  Infected  untreated  control  mice 
will  begin  dying  on  day  20  post-exposure  and  none  will 
survive  past  day  30  In  most  cases.  Nirldazole-treated 
mice  survive  until  day  49.  Active  drugs  are  those 
for  which  treated  mice  survive  two  weeks  after  all 
infected  control  mice  are  dead.  At  49  days,  all  sur¬ 
viving  mice  (controls  and  drug  test)  are  perfused 
(Radke,  e^.  ^. ,  1961)  for  total  worm  burden  deter¬ 
mination.  Drugs  are  considered  toxic  at  the  dosage 
given  If  recipient  mice  die  within  10  days  post-treat¬ 
ment  (  12  days  post-exposure  ).  All  active  or  toxic 
compounds  are  scheduled  for  later  retest  confirmation 
at  the  same  dosage  and  route  of  administration  as  the 
initial  test.  If  positive  confirmation  is  obtained 
for  activity,  then  further  testing  at  different  dosages 
by  both  routes  (subcutaneous  or  oral)  is  scheduled. 

c.  Primary  Curative  Test  (PCT).  The  PCT  is  a  curative 
test  of  a  compounii  against  an  established  mansoni 
infection  in  mice  exposed  to  160  cercarlae.  Thi r ty- 
three  days  post-exposure  drugs  (100  mgs/kg)  are  admin¬ 
istered  dally  for  five  consecutive  days  (until  day  37) 
In  the  same  manner  as  described  for  the  PMT.  Three 
days  following  the  last  treatment,  all  mice  are:  1) 


killed  Individually  by  cervical  dislocation;  2)  the 
livers  are  Immediately  removed;  3)  the  livers  are 
made  Into  liver  squash  preparations;  and  4)  the  num¬ 
bers  and  condition  of  worms  In  the  liver  are  deter¬ 
mined  for  each  surviving  animal.  Control  groups  for 
each  PCT  run  are.  1)  20  untreated  Infection  control 
mice;  2)  10  Nirldazole  treated  mice  (5  at  100  mgs/kg 
and  5  at  160  mgs/kg);  and  3)  five  Oxamniquine  treated 
mice  (100  mgs/kg) . 

Criteria  for  drug  activity  are  based  upon  the  hepatic 
shift  of  adult  worms  from  the  mesenteries  to  the  liver. 
This  shift  Is  presumed  to  be  a  result  of  drug  pressure. 
Not  only  are  the  total  numbers  of  liver  worms  deter¬ 
mined  but  the  conditions  of  those  worms  are  also  taken 
Into  consideration.  The  presence  of  dead  worms  Is 
1 ncontrovertabl e  evidence  of  drug  activity,  while  the 
presence  of  small,  abnormally  developed  "sick"  worms 
possessing  little  movement  is  evidence  of  possible 
activity  requiring  further  testing. 

Untreated  control  animals  will  normally  show  five  to 
15  worms  In  the  liver  and  a  test  animal  liver  worm 
burden  of  2  -  3  times  that  of  the  mean  control  liver 
worm  burden  Is  indicative  of  drug  activity.  Oxamniquine 
treatment  produces  high  dead  worm  burdens  In  the  livers 
of  Infected  animals,  while  Nirldazole  normally  produces 
high  living  (but  sick)  worm  burdens  at  100  mgs/kg  and 
160  mgs/kg,  with  the  appearance  of  a  few  dead  worms  at 
the  latter  dose. 

While  the  previous  year  we  reported  the  PCT  as  in  the 
developmental  stages,  we  feel  that  we  currently  have 
sufficient  experience  with  the  test  to  place  consider¬ 
able  confidence  in  the  results  as  indicators  of  cura¬ 
tive  drug  activity.  The  criteria  for  evaluation  of 
results  varies  from  those  used  in  the  earlier  Japan 
program,  primarily  in  terms  of  the  numbers  of  worms 
in  the  livers  of  untreated  control  animals.  But  re¬ 
peated  testing  has  indicated  higher  normal  liver  worm 
burdens  in  our  infections  and  the  differences  between 
the  two  programs  can  probably  best  be  explained  by 
snail/parasite  strain  and/or  environmental  variations. 
Our  investigations  on  comparative  strain  differences 
produced  inconclusive  results.  Additionally,  we  have 
Incomplete  data  on  the  Japan  program  strain  establish¬ 
ment  upon  which  we  can  establish  valid  comparisons. 

d.  Secondary  Curative  Test  (SCT).  In  an  effort  to 


expand  our  drug  testing  capabilities,  we  have  In¬ 
itiated  the  standardization  of  an  SCT  to  complement 
the  PCT.  The  rationale  of  this  development  rests  In 
the  requirement  for  following  up  on  possibly  active 
compounds  by  providing  additional  data  on  the  dura¬ 
tion  of  action  of  selected  compounds  over  a  period 
of  time.  It  should  be  emphasized  that  the  SCT  Is 
not  a  primary  screen,  as  are  the  PCT  and  PMT.  Ra¬ 
ther  It  Is  Intended  as  a  more  defined  evaluation  of 
drug  efficacy  and  emanates  from  the  primary  test 
systems.  Consequently,  It  Is  anticipated  that  con¬ 
siderably  fewer  drugs,  and  only  those  that  show  pro¬ 
mise  will  be  tested.  The  benefits  will  be  a  more 
complete  understandl no  of  test  drug  action  upon  which 
to  base  future  testing. 

The  Initial  secondary  test  runs  were  organized  to  fel¬ 
low  the  method  described  by  Bruce  et  £1^  unpub¬ 

lished  W.H.O.  Document  73.30  ( "SchTTtosomlasI s  Drug 
Test  Systems").  That  Is,  mice  are  exposed  to  160  cer- 
carlae  and  treated  with  test  compound  dally  for  five 
consecutive  days  between  days  33  and  37  post-exposure. 
Separate  perfusions  of  the  mesenteric,  portal  and  he¬ 
patic  circulations  are  then  performed  on  days  7,  14, 
and  21  post- treatment .  Our  Initial  tests  consisted 
of  150  mice  divided  among  the  following  five  aroups 
(30  mice  per  group):  1)  Infected,  no  treatment;  2) 
treated  with  Nirldazole,  100  mns/kg;  3)  treated  with 
Nirldazole,  160  mgs/kg;  4)  treated  with  Nirldazole  320 
mgs/kg;  and  5)  treated  with  r'xamni  qu  1  ne ,  100  mgs/kg. 
Ten  mice  from  each  group  were  then  perfused  at  weekly 
Intervals  as  mentioned  above. 

We  soon  learned  several  drawbacks  to  the  described 
method.  1)  The  separate  perfusions  of  liver,  hepatic 
portal  vein,  and  mesenteries  are  extremely  time  con¬ 
suming  and  would  necessitate  the  full  time  partici¬ 
pation  of  at  least  three  technicians  for  three  days 
to  complete  one  test  run  of  controls  and  a  reasonable 
number  of  test  drugs.  21  Perfusion  of  livers  is  re¬ 
latively  meaningless,  especially  two  and  three  weeks 
pos t- trea tmen t ,  since  dead  worms  within  the  hepatic 
circulation  are  almost  impossible  to  dislodge  and 
flush  out.  By  the  second  week  post -trea tment ,  dead 
worm  granulomas  are  already  forming,  as  revealed  in 
liver  squash  preparations  performed  after  perfusion. 
Consequently,  perfusion  liver  worm  counts  were  lower 
than  actually  present  and  consisted  only  of  livino 
worms.  3)  The  exposure  of  mice  to  160  cercariae 
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each  (the  same  exposure  dose  as  the  PCT)  created  an 
undesirable  mortality  pattern  among  untreated  control 
animals.  In  which  100  percent  of  these  animals  died 
prior  to  day  58  (  three  weeks  post-treatment  ).  In 
the  PCT,  this  Is  of  no  concern  since  all  animals  are 
killed  on  day  40,  prior  to  death  from  acute  disease. 

But  in  the  SCT  it  is  necessary  to  obtain  control  an¬ 
imal  survival  through  the  third  perfusion  phase  In 
order  to  obtain  comparative  worm  burden  determinations. 

We  are  currently  evaluating  a  modified  SCT  which  con¬ 
sists  of  1)  exposure  of  mice  to  100  cercarlae  (  a 
sublethal  dose  for  58  days),  2)  dividing  each  test 
and  control  group  Into  two  comparative  subgroups, 
one  for  total  perfusion  and  one  for  only  liver  squash 
preparations  (as  In  the  PCT),  and  3)  adding  an  addi¬ 
tional  perfusion/liver  squash  phase  at  three  days 
post-treatment .  These  latter  two  modifications  then 
bring  the  test  more  into  line  as  a  true  secondary  test 
by  supplementing  the  previous  primary  test  data  under 
similar  conditions.  Durina  the  coming  year  we  antici¬ 
pate  establishing  the  test  as  a  standard  procedure 
within  the  drug  testing  program. 

OTHER  SCHISTOSOMIASIS  RESEARCH; 

a.  Snail  Strain  Studies.  We  last  reported  the  dif¬ 
fer  eWcTr~T7rTTver~worm~burdens  between  our  PCT  control 
data  and  that  obtained  earlier  In  the  Japan  drug  tes¬ 
ting  program.  A  proposed  reason  for  the  abnormally 
high  worm  burdens  in  the  Brazil  program  was  the  strain 
difference  between  the  B.  gl abrata  snail  and/or  schis¬ 
tosome  maintained  at  the  two  laboratories.  For  com¬ 
parative  purposes,  we  obtained  infected  B.  qlabrata 
snails  (  Puerto  Rican/Walter  Reed  Strain  )  from  HRAIR 
(Kindly  provided  by  CPT  Lyford  K.  Greene,  Department 
of  Parasitology)  and  maintained  them  In  the  Brasilia 
laboratory.  We  exposed  mice  to  cercariae  collected 
from  these  snails  and  performed  PCT  and  PMT  tests  on 
these  different  strain  infections  in  parallel  with 
routine  test  runs  performed  with  our  Paullsta  strain 
material.  Both  strain  infections  were  treated  ident¬ 
ically  in  terms  of  cercarlae  exposure,  animal  mainten¬ 
ance,  treatment  with  Niridazole  and  Oxamniquine,  and 
data  collection.  Mo  sionifigant  differences  in  mor¬ 
tality  patterns  (PMT),  liver  worm  burdens  (PCT)  or 
surviving  worm  perfusion  data  (PMT  and  life  cycle 
groups)  were  detected  between  the  two  groups.  These 
data,  resulting  from  10  different  experiments  are  cur¬ 
rently  being  analyzed  and  evaluated. 


1 1  :i  7 


RESULTS  OF  DRUG  TESTING: 


During  FY78  a  total  of  1,195  selected  bottle  number 
drugs  were  tested  for  prophylactic  (PMT)  and/or  cur¬ 
ative  (PCT)  activity.  Figure  2  depicts  the  results 
for  the  two  tests.  Of  the  compounds  tested,  290  (44.1 
percent)  were  PMT  retests  of  previously  tested  drugs 
and  218  (40.5  percent)  were  PCT  retests.  All  others 
were  compounds  which  were  tested  for  the  first  time. 
Figure  3  Identifies  those  comoounds  confirmed  as  ac¬ 
tive  In  one  of  the  two  test  systems.  Primary  refer¬ 
ence  Is  made  only  to  the  bottle  code  numbers  since 
many  (but  not  all)  of  the  compounds  that  we  receive 
and  test  are  protected  proprietary  secrets  ("commer¬ 
cially  discreet").  We  have  Identified  the  general 
class  of  compound  where  possible.  The  Identified 
activity  Is  based  upon  one  or  more  confirmatory  re¬ 
tests;  compounds  determined  to  be  active  on  the  first 
test  will  be  confirmed  by  retest  at  the  same  dose  by 
the  same  route  of  administration.  Only  after  this  con 
firmatlon  Is  the  drug  considered  active.  Note  that 
five  compounds  --  PH  08  111,  BH  08  157,  PH  08  166, 

BH  08  228  and  BH  30  0333  --  have  demonstrated  both 
confirmed  PMT  and  PCT  activity.  It  is  also  worth  no¬ 
ting  that  BH  30  033  has  shown  unconfirmed  activity 
In  a  wide  range  of  doses  from  10  mgs/kg  to  320  mgs/kg. 
This  Initial  “block"  treatment  schedule  must  be  re¬ 
peated  for  confirmation. 
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FIGURE  1 


FY  78  Workoad  Data  for  USAMRU-Brasll ia  Expressed  1n 
Terms  of  Numbers  of  Mice  Infected 


Numbers  of  Mice  Infected 


Control 

Test 

Total 

Procedure 

Groups* 

Groups* 

Number 

Percent** 

PMT 

760 

2,735 

3,495 

27.6 

PCT 

560 

3,350 

3,910 

30.9 

Life  Cycle 

N/A 

M/A 

2,956 

23.3 

Other*** 

N/A 

N/A 

2,300 

18.2 

*  =  "Control 

Groups" 

i  ncl ude 

those  animals  designated 

as  uninfected/untreated,  infected/untreated,  and 
infected/treated  with  reference  drug(s)  control 
animals.  "Test  Groups"  include  only  infected  an¬ 
imals  treated  only  with  Bottle  Numbered  Test  com¬ 
pounds  . 

=  Percent  of  total  mouse  exposure  effort. 

=  Includes  standardization  of  the  Secondary  Curative 
Test  (SCT),  comparisons  of  Walter  Reed  and  Brazil¬ 
ian  strains  of  i nfecti on  and  other  schistosomiasis 
research  efforts  performed  in  support  of  UnB  re¬ 
search  programs. 


FIGURE  2 


Drug  Test  Results  for  the  USAMRU-Brasi 1  la  During  FY  78 


Number 

of  Drugs  Tested** 

Test 

System 

Total 

Tests 

Performed* 

Conf i rmed 

Active 

Toxic 

Nega  1 1 ve/ 

Unconf i rmed 

Active 

Total 

PMT 

547 

6 

1  36 

396 

538 

PCT 

670 

15 

32 

610 

657 

*  ■  1  test  “  five  mice  treated  with  one  drug  at  one  dosane 
by  one  route  of  administration.  Total  number  of  tests 
does  not  include  untreated  or  reference  drug  control 
groups . 

**  ■  Number  of  HRAIR/USAMRU-Brasi 1 ia  bottle  number  compounds 
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FIGURE  3 


A  List  of  Bottle  Number  Drugs  Found  to  be  Active  Against 
Schistosomiasis  mansoni  by  the  Mouse  Mortality  test  and 
Curative  Test  Systems  During  FY78 


No. 

WRAIR/BRASILIA  Bn 

Prophylactic 

Curative 

Number  Drug 

Test  (PMT)* 

Test  (PCT)* 

1. 

AO 

22  662  (BR  1258) 

320  gav 

2. 

AH 

91  461  (BR  1296) 

200/320  gav 

3. 

BC 

42  725  (BR  1533)0 
73  029  (BR  5104)D 

40  gav 

BH 

4. 

BD 

58  040  (BR  1254) 

(BR  1025) 

160  gav 

BE 

19  593  (BR  4498) 

5. 

BE 

21  922  (BR  1311) 

320  SQ  &  gav 

6. 

BE 

21  931  (BR  1312) 

640  SO  FY75+ 

320  gav 

7. 

BG 

41  577  (BR  1626) 

(BR  1522) 
(BR  4502) 

40  SQ 

Ni trovi ny 1  -Furan 

8. 

BG 

52  598  (BR  2079) 

80/160  gav 

9. 

BG 

75  064  (BR  2456) 

100/200  SQ 

10. 

BG 

81  679  (BR  4406) 

100  SQ 

11  . 

BH 

08  in  (BR  2889) 
Organic  Tin 

640  SO 

100  SQ 

12. 

BH 

08  157  (BR  2893) 
Organic  Tin 

640  SO 

100  SO 

13. 

BH 

08  166  (BR  2894) 
Organic  Tin 

640  SQ 

100  SO 

14. 

BH 

08  200  (BR  2897) 
Organic  Tin 

640  SO 

15. 

BH 

08  228  (BR  2899) 

640  SO 

100  SQ 

16. 

BH 

30  033  (BR  3809) 

1280  SQ 

100  SQ 

I sothi ocyana  te 

(10-320) 

*  »  Confirmed  by  repeat  testing;  dosages  in  mgs/kg; 
SQ  »  Subcutaneous  administration;  gav  =  oral 
administration  by  gavage. 

+  =  Year  activity  first  rdported, 

n  =  Discreet  Compound 
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(U)  virvMv^jjy;  (U)  inromoni>;y;  uu  i  iMurmuMujiy , 

■  (Ul  Ornilholon^  .  lUl  Liil -BililZil.. .  _  - -  _  . . . . 

2^.  (U)  ('o*uU*ct  TStvuUos  (Ml  thr  ocolo^v  (W  Oroixnu'hc  (OUO)  virus  t  rtiiisml ss ion  in  the 
Amazon  basin  in  ool  lal>orat  ion  with  t  iu'  l\'anvirv>  t‘ba>*as  instlfntt'.  ii\is  .■»rbo\' i  rvis  is  ti(o 
most  common  cause  of  arbovirus  cpiilomics  in  tlio  ri’nion  ami  commonli  I'osulls  in  (pl'illo. 
tiobi  I  itat  i  niz  illness.  lnform.it  lon  on  the  ilvn.imics  fo  Old'  vims  t  r.insmtssion  in  urban 
aiul  sylvatic  environments  is  of  import. nice  to  milit.irv  persoiiiiel  transitinj;  or  stativineil 
In  this  dcotjraphic  area. 

M.  Ill)  Special  ami  routine  i  i  roloi;  ica  1  .  entomological  ami  epiOeraiolopical  proceilures 
were  employeil.  I  ieUl  collecto.l  specimens  of  insects,  bttsl  ami  mammal  bloml  ami  orpans 
will  be  processeil  for  virus  isol.ilion.  Sera  will  be  testcil  lor  antibodies  to  OHO  lirus 
to  detect  areas  of  recent  0I\0  virus  .ictivitv. 

.IS.  (II)  7’  10-''S  lid  A  worfinp  Imiiolliesis  has  been  formul.ited  in  which  twvi  cycles  are 
proposeil;  an  overt  ej'idemii'  civ'le  .imt  a  siliuit  eilioot  ic  cicle.  In  the  epidemic  oi  le 
fulicoides  paraeiisls  is  the  .ipp.irent  levtor,  .ind  man  is  the  vertebrate  .imi'l  i  fv  inn  host. 
In  the  enzootic  cvcle  the  vector  is  unknown,  .nul  the  vertebrate  hosts  are  most  lIKelv 
birds  or  prim.ates.  I'he  epidi'mic  c\cle  occurs  m  urban  .iriuis,  the  eiiri'otic  c\cle  in 

sylvatic  habitats,  Insvest  ii;at  ii'iis  of  the  epiilomic  vector  Ciilicolvles  paraensis  have 

shown;  (A)  a  diurnal  activitv  pattern,  (HI  anthropophi I ic  feeding  preferences;  (C) 
strong  endophllu  tendencies;  (I'l  a  wi>lespread  (jeop.raidiic  distribution;  (I)  a  seasonal 
distribution  which  indicates  activity  i hroiiphoiit  the  year,  but  members  increase  diiriiiH 
the  rainy  season  and  d'  ninish  during  the  ilrv  season;  and  (1)  rottiii);  banana  stalKs  are 
the  (ireferred  breoilinn  site,  which  indicates  ;i  stronp  association  with  man  ami  a  ('oten 
tint  control  method  through  modification  of  current  social  practices;  (Piabillry  fo  ex 
pcrlmcntally  transmit  iWti  virus,  lor  i^chtilcal  rejwirt  see  Waller  Ueed  Armv  Institute  ol 
Kescarcb  Annual  I'ro^tress  Hei'oct ,  1  Hctober  ld77  Al'  September  l'>7fi. 
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INTRODUCTION  AND  SUMMARY  OF  ACCOMPLISHMENTS. 


The  USAMRU-Bel6m  Is  located  in  Bel 6m,  Brazil  and  works  in  close 
conjuction  with  and  has  laboratory  space  at  the  Institute  Evandro 
Chagas,  a  research  center  administered  by  the  Brazilian  Public 
Health  Service  (FSESP).  The  sole  area  of  investigation  for  the 
USAMRU>Bel6m  is  the  ecology  of  arbovirus  diseases.  Current 
efforts  attempt  to  elucidade  the  endemic  and  epidemic  cycles  of 
Oropouche  (ORO)  virus.  This  virus  causes  disease  in  man  generally 
of  about  7  days  duration,  with  some  patients  severely  ill, 
occasionally  to  the  point  of  prostation.  This  disease  has  been 
reported  to  cause  large  scale  epidemics  in  urban  areas  of  northern 
Brazil . 

Accomplishments  included  in  this  report  with  regard  to  ORO  virus 
have  been  divided  into  two  major  categories;  studies  on  the 
epidemic  cycle,  and  studies  on  the  endemic  cycle.  Under  the  cate¬ 
gory  studies  on  the  epidemic  cycle,  conclusive  data  is  presented 
which  establishes  the  midge,  Culicoides  paraensis,  as  the  primary 
epidemic  vector  of  ORO  virus.  Subsequent  sections  present  results 
of  investigations  of  the  basic  biology  of  this  midge,  all  of  which 
will  be  of  immense  value  should  effective  control  measures  be 
desired,  such  as  would  be  necessary  to  combat  an  epidemic  of  ORO 
virus  disease. 

A  second  section  of  studies  on  the  epidemic  cycle  of  ORO  virus 
deals  with  man  as  the  principal  vertebrate  host  in  the  epidemic 
cycle.  Here  evidence  is  presented  which  indicates  that,  when 
infected,  man  circulates  ORO  virus  in  sufficient  titer  to  infect 
feeding  C.  paraensis. 

Finally,  results  of  an  epidemic  of  ORO  virus  disease  which  occurr¬ 
ed  in  and  around  Tom6  Acu,  Pari,  Brazil  are  reported.  These 
results  provide  striking  verification  of  the  theories  proposed  in 
the  previous  two  sections.  Clearly,  C.  paraenesis  is  the 
predominant  vector  in  this  outbreak,  and  in  all  iTkelihood  man  is 
the  only  amplifying  host. 

Investigations  of  the  endemic  cycle  of  ORO  virus  are  also  report¬ 
ed.  Three  separate  sites  were  sampled  during  1^77-1978,  Curui- 
Una,  Mojui  dos  Campos  and  Cachoeira  Porteira,  all  located  in 
Pari,  Brazil.  Vertebrates  were  sampled  from  all  3  localities, 
and  insects  were  sampled  at  2  of  the  3  sites.  Oropouche  virus 
was  not  found  among  any  insects  tested;  however,  results  of  the 
serological  surveys  indicate  that  primates  and  certain  groups  of 
birds  had  been  previously  exposed  the  virus. 

In  early  1978  the  USAMRU  was  invited  to  participate  in  investiga- 
ions  of  an  epidemic  of  unknown  etiology  which  was  in  progress  in 


Belterra,  ParA,  Brazil.  It  was  soon  determined  that  Yellow  Fever 
(YF)  and  Mayaro  (MAY)  viruses  were  both  responsible  for  this 
epidemic.  The  occurrence  of  epidemic  MAY  virus  provided  a  unique 
opportunity  to  study  a  virus  known  to  cause  disease  in  man  in  the 
Amazon  Basin,  but  previously  reported  only  incidentally. 

Studies  of  MAY  virus  are  organized  in  the  same  format  as  those  for 
ORO  virus;  studies  on  the  epidemic  cycle,  and  studies  on  the 
endemic  cycle.  Studies  on  the  epidemic  cycle  describe  in  detail 
the  epidemic  of  Belterra. 

Following  a  brief  synopsis  of  the  literature  pretaining  to  MAY 
virus  and  a  detailed  description  of  Belterra,  a  summary  of  the 
clinical  manifestations  of  MAY  virus  infection  in  man  is  present¬ 
ed.  These  results  indicate  that  infection  with  this  virus 
results  in  severe,  debilitating  disease  of  app>'Oximately  one 
week's  duration.  No  deaths  were  attributed  to  infection  with  MAV 
virus.  It  was  especially  fortunate  that  a  complete  census  of 
Belterra  had  just  been  completed  in  December,  1977,  consequently 
accurate  denominator  information  was  available  for  accurate 
estimates  of  attack  rates.  A  clinically  apparent  attack  rate  of 
between  89  and  96'X  was  estimated  for  those  infected  among  all  age 
groups  in  Belterra,  and  frotn  94  to  lOO'l-  among  that  segment  of  the 
population  over  10  years  old.  Approximately  201.  of  the  4000 
residents  of  Belterra  were  infected  during  this  epidemic. 

Subsequent  sections  deal  with  vectors  and  vertebrates  involved  in 
the  epidemic  cycle  of  MAV  virus.  Entomological  investigations 
indicate  that  the  principal,  of  not  only  vector  of  MAY  virus  in 
this  epidemic  was  Haemagit^us  ianthinoji^s.  Noteworthy,  this  was 
also  the  only  epidemic  vector  of  YF  virus  recognized  as  well. 
Studies  of  the  vertebrate  population  indicate  that  a  snwll 
marmoset,  Callithrix  argentata,  was  most  likely  the  primary 
vertebrate  ampTIfying  host  of  MAY  virus  in  the  outbreak.  This 
was  supported  by  the  isolation  of  MAY  virus  from  a  feral 
marmoset,  and  subsequent  laboratory  demonstration  of  a  consider¬ 
able  viremia  produced  following  experimental  infection  with 
Mayaro  virus. 

Studies  on  the  endemic  cycle  of  MAY  virus,  also  conducted  at 
Curua-Una  and  Cachoeira  Porteira,  failed  to  isolate  the  virus. 
Serological  results  of  the  vertebrates  sampled  indicate  that 
primates  have  a  high  antibody  prevalence  rate  to  MAY  virus,  but 
few  other  groups  of  vertebrates  were  found  with  antibody. 

The  epidemic  of  MAY  virus  investigated  at  Belterra  indicates  that 
the  epidemiology  of  this  virus  is  different  from  that  proposed 
for  ORO  virus.  Apparently  MAY  virus  is  restricted  to  a  syl vatic 
cycle  similar  to  jungle  YF  virus.  An  urban  vector  capable  of 


I  |  /,l. 


maintaining  massive  outbreaks  as  occurs  v/lth  C.  paraensis  and  ORO 
virus  Is  apparently  lacking.  This  does  not,  however,  lessen  the 
significant  of  MAY  virus  to  military  medicine.  The  population 
studied  at  Bel  terra  shares  many  of  the  characteristics  of  a 
military  cantonment  area,  and  the  fact  that  approximately  20%  of 
this  population  was  Infected,  Including  representatives  of  all 
age  groups  and  both  sexes.  Indicates  that  disease  transmission 
was  widespread  throughout  the  area.  An  epidemic  of  this  magni¬ 
tude  could  have  a  significant  impact  on  military  operations  In 
the  Amazon  Basin. 


I. 


ECOLOGY  OF  OROPOUCHE  VIRUS 


A.  Studies  on  the  Epidemic  Cycle 

1.  Vector  biology 

a.  Laboratory  transmission  studies 

OBJECTIVE;  Objective  of  the  Oropouche  virus  transmission  studies 
was  to  further  substantiate  preliminary  results  with  Culicoides 
paraensis  (Goeldi)  and  Culex  pipiens  quinquefasciatus  (Say). 

BACKGROUND:  Oropouche  (ORO)  virus  was  first  discovered  in  Brazil 
in  1960,  and  subsequently  it  has  become  recognized  as  an  important 
public  health  problem  due  to  its  occurrence  in  several  urban 
epidemics  in  the  Amazon  Basin.  Epidemiological  and  entomological 
investigations  conducted  during  these  epidemics  have  strongly 
indicated  that  ORO  virus  was  vector-borne.  Culex  pipiens 
quinquefasciatus  and  Culicoides  paraensis  were  considered  to  be  the 
most  probable  vectors  of  the  virus  due  to  their  common  occurrence 
and  superior  numerical  abundance  in  all  epidemics  investigated. 

In  order  to  determine  the  vector  potential  of  £x.  £. 
quinquefasciatus  and  C.  paraensis ,  laboratory  transmission  studies 
were  conducted  under  controlled  conditions  using  hamsters  as  the 
model  host.  Biological  transmission  of  ORO  virus  was  demonstrated 
for  both  species  during  the  preliminary  transmission  trials; 
however,  C.  paraensis  appeared  to  be  the  better  vector  of  the  two. 
The  extrinsic  incubation  period  for  ORO  virus  in  C.  paraensis 
appears  to  be  5  to  7  days,  but  was  not  determined  for  Cx.  £. 
Quinquefasciatus.  The  threshold  viremia  level  require3“to  infect 
feeding  C.  paraensis  and  Cx.  £.  quinquefasciatus  was  also  not 
established. 

DESCRIPTION:  Culicoides  used  in  the  transmission  studies  were 
collected  at  a  field  station  where  the  midge  populations  remains 
active  throughout  the  year.  Oropouche  virus  is  not  known  to  exist 
within  this  collecting  area.  Culex  p.  quinquefasciatus  used  in  the 
test  were  1st  generation  mosquitoes  reared  from  wild  caught 
populations  obtained  from  the  Belem  urban  area. 

Virus  strains:  Oropouche  virus,  strain  Br  An  19991,  was  used  to 
inoculate  the  experimental  animals.  Young  hamsters  (21-23  days  of 
age)  were  used  as  the  donor  and  recipient  vertebrate  hosts  in  all 
transmission  experiments. 

Virus  Titration:  Hamsters  were  inoculated  intracerebraly  with  0.1 
ml  of  undiluted  hamster  serum  containing  ORO  virus.  Twenty  to  24 
hrs.  following  inoculation,  0.1  ml  of  blood  was  obtained  from  the 
hamster  by  cardiac  puncture  and  immediately  added  to  0.9  ml  of 


phosphate  buffered  saline  (PBS)  containing  0.4%  bovine  albumin. 

This  1:10  dilution  was  further  diluted  and  titrated  in  Vero  cells 
or  suckling  mice  to  determine  the  titer  of  ORO  virus  in  the  donor 
hamster.  After  bleeding,  the  hamsters  were  immediately  exposed  to 
insects  included  in  the  transmission  tests. 

Virus  Isolation  and  Identification:  Individual  insects  were 
homogenized  and  suspended  in  PdS  containing  bovine  albumin  and 
antibiotics.  A  1.5  ml  aliquot  of  diluent  was  used  for  Culex 
mosquitoes  and  1.0  ml  was  used  for  Culicoides. 

After  centrifugation  of  the  insect  homogenate  at  1500  RPM,  the 
supernatant  fluid  was  aspirated  and  0.1  ml  was  inoculated  into  each 
of  3  tubes  of  Vero  cells.  The  tubes  were  observed  every  2  days  to 
detect  viral  cytopathic  effect  (CPE).  Tubes  demonstrating  a  3  to 
4  +  CPE  were  harvested  and  frozen  at  -60OC.  To  identify  the  virus, 
a  1:100  dilution  of  the  infected  fluid  was  mixed  with  equal  amounts 
of  ORO  virus  hyperimmune  mouse  ascitic  fluid,  incubated  for  1  hour 
at  370c,  then  assayed  for  infectivity.  These  tests  were  performed 
in  microtiter  plates  to  which  Vero  cells  were  added  after 
incubation  of  the  virus  and  virus-serum  mixtures.  The  test  control 
series  consisted  of  infected  fluids  without  additions  of  the  ORO 
virus  hyperimmune  mouse  ascitic  fluids.  The  tests  were  routinely 
read  3-4  days  post- inoculation,  or  when  the  virus  controls  showed  a 
3  -  4  +  CPE. 

PROGRESS:  Tables  1  and  2  present  the  results  of  attempts  to 
transmit  ORO  virus  to  susceptible  hamsters  by  Cx.  £. 
quinquefasciatus  which  fed  on  infected  hamsters  circulating  ORO 
virus.  As  shown  in  Table  1,  Cx.  p.  quinquefasciatus  were  fed  on  a 
hamster  with  a  viremia  of  1O4t5sMCD5o/0.O2  ml  of  ORO  virus.  Repeat 
feeding  of  "infected"  Culex  on  susceptible  hamsters  were  conducted 
on  days  7,  14,  21  post-exposure.  After  the  final  feeding,  hamsters 
were  observed  for  an  additional  3  week  period  for  clinical  signs  of 
ORO  virus.  If  clinical  signs  of  ORO  virus  were  not  observed,  then 
the  hamster  was  sacrificed  and  serologically  tested  for  antibody  to 
ORO  virus.  As  the  data  indicates,  none  of  the  30  susceptible 
hamster  in  this  experiment  showed  clinical  signs  of  ORO  virus,  and 
all  serological  tests  were  negative  for  antibody  to  ORO  virus. 

Table  2  sumarizes  the  results  seen  where  4  hamsters  with  viremias 
of  10®,  10^,  10='^  and  10^-^SMLD5o/0.02  ml  which  were  fed  on  by  4 
separate  lots  totalling  210  Cx.  £.  quinquefasciatus.  Susceptible 
hamsters  were  subsequently  exposed  to  each  lot  in  the  same  manner 
as  described  for  hamsters  in  Table  1.  None  of  the  60  susceptible 
hamsters  used  in  the  these  tests  showed  clinical  signs  of  ORO  virus 
infection  or  exhibited  antibody  to  ORO  virus. 

Table  3  presents  the  results  of  attempts  to  transmit  ORO  virus  to 
susceptible  hamsters  by  C.  paraensis  which  fed  on  infected  hamsters 
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4 i 02  ml  of  ORO  virus,  and  results  of  virus 
isolation  attempts  from  midges  following  feeding  on  susceptible 
hamsters.  These  results  show  that  4  of  5  (80f)  Culicoides  assayed 
following  feeding  on  susceptible  hamsters  harbored" W virus; 
however,  only  1  (25t)  of  the  4  infected  Culicoides  actually 
transmitted  ORO  virus  to  a  susceptible  hamster. 


0^1  ^9^ which  did  not  feed  on  the  susceptible  hamsters  on  the 
7th  day  of  exposure  were  sacrified  and  individually  tested  for  the 
presence  of  ORO  virus.  From  twelve  Culicoides  tested.  3  125%)  ORO 
virus  isolations  were  made.  '  ' 


Table  4  presents  the  results  of  attempts  to  transmit  ORO  virus  to 
susceptible  halters  by  C.  paraensis  fed  on  infected  hamsters 
circulating  lOS.OsMLDgQ/D.ohnT-^O  virus,  and  virus  isolations 
from  midges  following  feeding  on  susceptible  hamsters.  These 
findings  show  that  ORO  virus  was  transmitted  to  5  (83t)  of  the  6 
susceptible  hamsters  exposed  to  "infected"  Culicoides.  Each 
nfection  resulted  in  the  death  of  the  hamsTeF;  "3?7en  (54%)  of  the 
13  Culicoides  which  fed  on  the  hamsters  on  day  7  were  confirmed  to 
be  infected  with  ORO  virus. 


which  did  not  feed  on  the  susceptible  hamsters  on  the 
/th  day  of  exposure  were  sacrificed  and  individually  tested  for  the 
presence  of  ORO  virus.  Twelve  Culicoides  were  tested  and  5 
isolates  (42%)  of  ORO  virus  were  made.  One  of  these  infected 
kHll<^?^9es  probably  fed  undetected  on  the  positive  hamster  whose 
associated  Culicoides  was  negative  in  Table  4. 

COMMITS:  In  an  effort  to  summarize  the  laboratory  transmission 
results  of  ORO  virus,  a  brief  discussion  of  the  preliminai-y  results 
presented  in  the  annual  report  year  of  1976-77  will  be  included  in 
the  present  comment  section. 


Initial  biological  transmission  of  ORO  virus  by  Cx.  p. 
^inquefasciatus  was  demonstrated  on  2  occasions "during  the  1976-77 
investigations.  The  1st  transmission  of  ORO  virus  to  a  susceptible 
hamster  was  achieved  when  a  test  lot  of  Culex  were  fed  on  a  hamster 
circulating  108-2SMLD5o/0.02  ml  of  virus.~lTie  ORO  virus 
transmission  occurred  on  the  8th  day  when  the  experimental  hamster 
was  fed  upon  by  21  "infected"  mosquitoes.  Oropouche  virus 
transmission  to  this  hamster  was  confirmed  by  serological  test. 
Transmission  of  ORO  virus  was  again  demonstrated  in  another 

^  Of’  ^  hamster  circulating 

lu  •  bMLDcg/0.02  ml  of  virus.  Oropouche  virus  was  isolated  from  a 
susceptible  hamster  fed  upon  by  a  group  of  33  Culex,  21  days  post 
exposure.  Three  later  transmission  trials  were^empted  with 
Cu^  feeding  on  viremic  hamsters  circulating  lO'-O,  lo"-2,  and 
IO0.USHLD50/O.02  ml  of  virus:  however,  all  the  15  susceptible 
hamsters  exposed  to  refeeding  by  "infected"  Culex  were  not  infected. 


Based  on  these  results,  it  was  concluded  that  Cx.  p. 
quinquefasciatus  demonstrated  a  high  infectivi^  tnreshold  and  was 
apparently  an  inefficient  vector  of  ORO  virus. 

Due  to  the  extended  colonization  of  the  test  Culex  material  within 
the  laboratory  environment,  it  was  felt  that  the  vector  competence 
of  the  laboratory  colony  may  have  been  modified,  and  was  no  longer 
representative  of  the  wild  urban  Culex  population.  Therefore,  the 
transmission  experiments  were  modified  and  performed  with  1st 
generation  Culex  adults  obtained  from  urban  areas  of  Belem.  These 
results  are  presented  in  Tables  1  and  2.  The  data  in  these  tables 
shows  that  a  composite  total  of  283  Culex  were  fed  upon  90 
susceptible  hamsters.  Serological  tests  of  all  exposed  hamsters 
were  negative  for  antibody  to  ORO  virus.  The  Culex  pools  which  fed 
on  these  hamsters  are  being  tested  for  the  presence  of  ORO  virus. 

A  review  of  ORO  virus  transmission  experiments  with  C.  paraensis 
presented  earlier  shows  that  ORO  virus  was  transmitted  to  8 
susceptible  hamsters  by  Culicoides  which  had  fed  previously  on 
viremic  hamsters  which  titered  10®*^,  10^*5,  10' and 
108-‘SMLDcg/0.02  ml  of  ORO  virus.  The  earliest  recorded  successful 
transmission  was  on  day  4  post-exposure,  with  a  majority  of  the 
successful  transmissions  occurring  between  days  5  and  8.  Of  the  8 
hamsters  infected,  4  (50%)  were  fed  upon  by  2  or  fewer  Culicoides. 
In  addition,  ORO  virus  was  isolated  from  13%  (28/208)  of  the 
individually  tested  Culicoides  which  were  sampled  from  both  fed  and 
unfed  individuals.  The  13%  positive  for  ORO  virus  is  thus  not  an 
infectivity  rate,  since  many  of  those  tested  had  not  received  an 
initial  infective  blood  meal. 

In  the  transmission  trials  reported  here  the  methods  of  separating 
the  "infected"  midge  population  from  the  "non- infected"  population 
were  modified  and  greater  standardization  in  the  population  of 
"infected"  Culicoides  was  obtained.  Restrained  viremic  hamsters 
were  exposed  to  C.  paraensis  for  a  period  of  approximately  45 
minutes.  Fo 1 1 owTng  the  exposure  period,  midges  were  subjected  to 
cool  temperatures  to  reduce  their  movement.  With  the  use  of  a 
stereomicroscope,  blood  engorged  midges  could  be  separated  from 
the  non-engorged.  Therefore,  only  blood  engorged  midges  were  used 
in  the  subsequent  transmission  trials. 

Results  presented  in  Table  3  indicate  that  ORO  virus  was 
transmitted  to  susceptible  hamsters  by  one  (25%)  of  4  infected 
Culicoides  which  fed  singly.  In  a  second  experiment  presented  in 
Table  4,  where  as  many  as  3  individual  Cul icoides  were  allowed  to 
feed  on  a  susceptible  hamster,  ORO  virus  was  transmitted  by  4  (80%) 
of  5  infected  groups  of  Culicoides.  Among  those  groups  tested,  3 
(75%)  of  the  4  positive  transmissions  were  accomplished  by  single 
infected  Culicoides.  Taken  together,  these  results  indicate  a 


range  of  transmission  ratesamong  infected  Culicoides  from  25  to  80%. 
These  results  suggest  that  Culicoides  are  fairly  efficient  vectors, 
and  are  certaintly  better  vectors  than  Cx.  £.  quinquefasciatus. 

It  is  difficult  to  explain  why  the  transmission  rates  were  higher 
for  those  Culicoides  which  fed  on  the  lower  titered  infectious 
blood  mealFi  One  possible  explanation  is  a  difference  in  age  among 
individuals  tested  in  these  experiments.  Since  all  Culicoides 
tested  were  wild  caught  as  adults,  it  is  impossible  to  know  the  age 
of  individuals  tested.  A  second  possibility  is  that  these  results 
reflect  the  normal  range  of  susceptibility  among  the  wild  population, 
and  that  too  few  replicates  have  been  conducted  to  be  more 
specific. 

In  summary,  laboratory  transmission  of  ORO  virus  has  been 
demonstrated  for  both  Cx.  £.  quinquefasciatus  and  C.  paraensis. 

These  species  represenT'the  dominant  nocturnal  endophilic  and  the 
dominant  diurnal  endo/exophilic  species  respectively,  and  both  have 
been  reported  to  feed  on  man  in  all  epidemics  of  ORO  virus.  Based 
on  the  experimental  transmission  studies  reported  here,  it  appears 
that  C.  paraensis  is  the  predominant  epidemic  vector  of  ORO  virus 
in  the  urban  environment.  Subsequent  sections  of  this  report 
attempt  to  define  the  basic  biology  of  this  vector  species. 


TABLE  1.  Sunwnary  of  attempts  to  transmit  Oropouche  virus  to 
susceptible  hamsters  by  Culex  pipiens  quinquefasciatus  fed  on 
infected  hamsters  circulating  id^-SsMLDso/O.d^  "SI  of  Oropouche 
virus. 


Days  post- 
infectious 
blood  meal 

Number  of 

susceptible 

hamsters 

No. 

Mosquitoes 

Fed 

Transmission* 

results 

7 

7 

7 

Neg. 

14 

9 

9 

Neg. 

15 

4 

33 

Neg. 

21 

10 

24 

Neg. 

TOTAL 

30 

73 

*  Serological  tests  were  performed  21  .jy  after  last  exposure  to 
experimental  insect  population.  Serological  confirmation  was 
determined  by  Neutralization  test. 
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to  transmit  Oropouche  virus  to 


Days  post- 
infectious 
blood  mea] 

Number  of 

susceptible 

hamsters 

No. 

mosquitoes 

fed 

Transmission* 

results 

7 

5 

17 

Neg. 

8 

15 

61 

Neg. 

14 

20 

35 

Neg. 

21 

20 

97 

Neg. 

TOTAL 

60 

210 

virus  isolated 
from  midges 
following 


Days  post- 
infectious 
blood  meal 


Transmission 

results 


No.  fed/ 
hamster 


All  pos.  results  confirmed  by  Complement  Fixation  test 
All  pos.  results  confirmed  by  Neutralization  test. 


f  1 

Neg. 

Pos.** 

1  1 

Neg. 

Neg. 

r  1 

Neg. 

Pos. 

f  1 

Neg. 

Pos. 

1  1 

Pos.* 

Pos. 

ItJis  to  attempts  to  transmit  Oropouche 

virus  to  susceptible  hamsters  by  Culicoides  oaraensis  fprf  «« 

lO^MLDso/O.felSroroJoJouche 

feed?ng*;J  ^s^ep^iU'^hlmlters 


Days  post- 
infectious 
blood  meal 

No.  fed/ 
hamster 

Transmission 

results 

Virus  isolated 
from  midges 
following 
feeding 

7 

2 

Pos.* 

2  Pos.** 

7 

3 

Pos. 

1  Pos. -2  Neg. 

7 

2 

Neg. 

2  Pos. 

7 

1 

Pos. 

1  Neg.+ 

7 

3 

Pos. 

1  Pos. -2  Neg. 

7 

2 

Pos. 

1  Pos.-l  Neg. 

**  A  by  Complement  Fixation  test. 

+  mIpIu  ;h  f  confirmed  by  Neutralization  test. 

C  paraensis^^^^  undetected  infected 
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b.  Urban  seasonal  abundance  of  Culicoldes  paraensis 
OBJECTIVES:  The  objectives  of  this  section  are  to: 

a.  determine  the  seasonal  activity  pattern  for  Culicoides 
paraensis  within  the  urban  environs  of  Belem. 

b.  demonstrate  a  relationship  between  seasonal  rainfall  and 
midge  population  activity. 

UACK6R0UND:  Epidemics  of  Oropouche  (ORO)  virus  have  been_ 
documented  in  several  urban  areas  within  the  state  of  Para,  Brazil 
since  1961:  Belem,  Braganga,  Itupiranga,  Mojui  dos  Campos,  Santarem, 
Belterra  and  Tome  Agu.  In  all  epidemics  investigated,  two  insect 
species  have  been  the  most  common  human  feeders:  Culex  pipiens 
quinquefasciatus  nocturnal ly  and  Culicoides  paraensis  diurnally. 
Laboratory  transmission  studies  of  ORO  virus  with  both  species  have 
previously  demonstrated  that  C.  paraensis  is  the  more  efficient  of 
the  two  species,  and  these  results  have  formed  the  basis  for  our 
working  hypothesis  that  this  species  is  the  principal  epidemic 
vector  of  ORO  virus.  In  this  and  subsequent  sections,  discussions 
of  the  basic  biology  of  C.  paraensis  are  presented.  This 
information  is  essential  in  the  development  of  effective  disease 
prevention  and/or  control  strategies. 

OESCRIPTION:  Seasonal  population  studies  for  C.  paraensis  were 
conducted  in  a  peridomiciliary  environment  near  (lO-20  meters) 
houses  in  2  separate  city  zones  of  Belem,  Para,  Brazil.  Landing 
captures  were  performed  by  a  team  of  two  collectors  who  captured 
Culicoides  attempting  to  feed  on  the  exposed  portion  of  the  lower 
leg  (knee  to  ankle).  Captures  were  conducted  for  4  consecutive 
30  min.  intervals  from  14:00-16:00  hrs.  at  each  collection  site  for 
2  consecutive  days  on  alternate  weeks.  The  study  was  initiated  in 
July,  1977  and  was  continued  through  July  1978.  Rainfall  data  was 
obtained  from  an  agriculture  experimental  research  station  (CEPLAC) 
located  on  the  periphery  of  Belem,  Para,  Brazil. 

PROGRESS:  Figure  1  presents  the  mean  hourly  numbers  of  C. 
paraensis  collected  per  month,  and  total  monthly  rainfall.  It  is 
apparent  from  the  rainfall  data  that  the  municipality  of  Belem 
receives  a  voluminous  quantity  of  rainfall  annually.  In  only  one 
month  (November)  was  the  total  rainfall  measured  below  75  mm.  It 
is  also  apparent  that  the  monthly  rainfall  shows  a  definite 
seasonal  change,  with  those  months  of  December  to  March  recording 
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the  greatest  quantity. 


The  population  data  for  C.  paraensis  demonstrates  that  Cull  col des 
were  active  in  the  urban  areas  through  out  the  year,  exhibiting  a 
trimodal  increase  in  Culicoides  numbers  for  the  13  month 
observation  period.  The  collection  results  show  that  the  midge 
population  fluctuated  from  7  to  25  Culicoides  for  the  mean  hourly 
captures  per  month  with  peaks  of  activity  occurring  in  the  months 
of:  September- November,  January-February,  and  May-June. 

COMMENTS:  The  collection  data  from  the  two  areas  of  Belem 
demonstrates  a  corresponding  rise  and  fall  in  the  midge  population. 
If  one  assumes  that  the  population  patterns  of  Culicoides  are 
directly  related  to  environmental  factors,  then  one  would  conclude 
that  the  environmental  conditions  for  the  two  areas  are  relatively 
similar.  In  addition,  one  would  expect  to  observe  a  correlation 
between  the  environmental  parameters  and  midge  population  patterns. 
When  comparing  the  population  and  rainfall  pattern,  one  will  note  a 
general  synchronous  rise  and  fall  of  the  two  parameters.  Thus,  it 
was  assumed  that  the  Culicoides  population  is  markedly  influenced 
by  the  quantity  of  seasonal  rainfall. 

The  influence  of  rainfall  on  midge  population  was  expected  since  C. 
paraensis  breeds  in  aquatic  to  semiaquatic  habitats.  It  will  be 
demonstrated  in  a  subsequent  section  that  decomposing  banana  tree 
vegetative  matter  is  a  major  breeding  habitat  for  C.  paraensis 
within  an  urban  environment.  The  decaying  vegetatTve  substrate 
provides  the  necessary  wet  conditions  and  food  substances  required 
for  midge  larval  development.  Since  immature  stages  of  Culicoides 
require  a  semiaquatic  environment  to  survive  and/or  develop,  it 
then  becomes  apparent  that  a  critical  amount  of  moisture  must  be 
maintained/or  received  to  create  favorable  habitat  conditions. 
However,  due  to  the  good  water  retention  characteristics  of  the 
banana  substrate,  this  habitat  will  retain  its  favorable  breeding 
conditions  for  short  intervals  of  reduced  rainfall.  Nevertheless, 
the  natural  water  losses  must  be  renewed  periodically  by  rainfall  to 
maintain  a  viable  breeding  site.  The  question  then  arises,  how 
much  rainfall  is  necessary  to  provide  the  minimum  critical  moisture 
conditions  for  the  breeding  habitats. 

It  is  also  worthy  to  note  that  a  lag  time  of  approximately  one 
month  existsbetween  the  initial  increase  in  rainfall  and  a 
corresponding  increase  in  the  midge  population.  This  will  be  noted 
when  comparing  the  increase  in  rainfall  in  September  followed  by  a 
population  increase  for  Culicoides  in  October  and  November  (Figure 
1).  This  pattern  is  observed  again  when  the  rainfall  increased  in 
December  with  a  subsequent  increase  in  midge  numbers  in  January  and 
February.  This  lag  time  can  be  explained  in  part  by  the  slow 
developmental  period  observed  for  Cul icoides  larvae  to  reach  the 
adult  phase.  Controlled  laboratory  studies  indicate  that  the 


developmental  cycle  (egg  to  adult)  for  Culicoides  is  approximately 
one  month. 

It  is  difficult  to  directly  associate  the  quantity  of  rainfall  with 
the  variations  noted  in  the  population  of  Culicoides.  For  example, 
during  the  rainy  season  (January  to  May)  it  was  observed  that  the 
midge  population  fluctuated  markedly  during  a  part  of  the  season 
which  was  receiving  more  than  300  mm  of  rainfall  per  month.  It 
would  be  reasonable  to  assume  that  sufficient  rainfall  was  being 
received  to  provide  favorable  habitat  conditions  and  to  maintain  a 
high  population  of  adult  Culicoides.  Nevertheless,  a  marked 
reduction  in  the  population  numbers  was  noted.  At  this  time,  data 
is  not  available  to  explain  the  noted  population  reduction 
occurring  during  the  rainy  season.  However,  it  is  conceivable  that 
heavy  rainfall  may  result  in  adult  midge  mortality  caused  by 
drowning. 

In  summary,  the  population  activity  for  £.  paraensis  was  found  to 
be  continuous  throughout  the  year  in  the  urban  study  areas  of 
Belem.  Collection  data  tends  to  support  the  association  of 
Culicoides  activity  with  seasonal  rainfall. 
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c.  Daily  activity  patterns  of  Culicoides  paraensis 

OBJECTIVE:  The  objectives  of  the  following  investigations  are  to 
quantify  the  daily  activity  pattern  of  Culicoides  paraensis  in  3 
principal  domestic  environs,  and  to  monitor  designated  environmental 
parameters  in  each  environ. 

BACKGROUND:  Epidemiological  and  entomological  observations  of 
hematophagous  insects  effecting  man  in  his  urban  environment 
indicate  that  C.  paraensis  is  frequently  the  most  common  and 
dominate  species.  Information  collected  previously  concerning  the 
daily  activity  of  this  species  indicates  that  they  are  strictly 
diurnal  blood  feeders,  with  apparent  regulated  behavioral  activity 
patterns.  It  has  also  been  noted  that  the  biting  pressure  observed 
within  a  particular  domestic  environment  is  significantly  variable. 
Therefore,  it  was  hoped  that  observations  of  certain 
environmental  factors  within  a  particular  domestic  setting  might 
help  to  explain  the  differences  observed  in  C.  paraensis  activity 
pattern. 

DESCRIPTION:  The  domestic  environment  evaluated  in  this 
investigation  is  located  on  the  property  of  an  agriculture  research 
station  near  experimental  cacao  plots.  This  location  was  chosen 
due  to  the  high  population  of  C.  paraensis  that  existed  in  the  area 
and  the  absence  of  adjacent  housing  units.  Known  breeding  sites 
for  £.  paraensis  within  this  area  were  those  of  decaying  vegetative 
matter  of  banana  trees  and  cacao  pods.  Fortunately  the  diurnal 
midge  population  of  this  area  was  essentially  a  monoculture  of  C. 
paraensis. 

The  house  used  in  the  study  was  a  simple  5  room  house  constructed 
of  stucco  walls  and  a  tile  roof.  During  the  day,  as  is  custom  in 
tropical  regions,  the  doors  and  windows  were  left  open  for  natural 
ventilation.  The  family  unit  consisted  of  8  members.  Domestic 
animals  consisted  of  a  dog  and  a  few  caged  chickens.  No  large 
domestic  animals  such  as  cattle,  sheep  or  pigs  were  known  to  exist 
within  a  one  kilometer  radius  of  the  study  site;  therefore,  man  was 
the  dominate  host  for  blood-feeding  midges. 

A  few  shade  trees  of  various  sizes  and  heights  were  maintained  in 
the  yard.  A  group  of  larger  trees  flanked  one  side  of  the  house  at 
a  distance  of  7  to  10  meters.  These  trees  provided  a  continuously 
shaded  area  throughout  the  day. 


The  domestic  environs  evaluated  in  this  investigation  were 
intradomicil iary  and  peridomiciliary.  Two  peridomicil iary  sites 
were  located  at  approximately  10  to  15  meters  from  the  house.  One 
site  was  under  a  group  of  shade  trees  while  the  other  site  was  in 
the  open  a  few  meters  (10  meters  ca.)  from  both  the  shade  trees  and 
house. 

A  team  of  two  collectors  were  stationed  at  each  of  the  3  collecting 
sites,  and  each  team  preformed  biting  col  lections  for  a  period  of  45 
minutes  per  hour.  Each  collecting  team  was  rotated  hourly  among 
the  3  collecting  sites  to  prevent  differences  caused  by  collector 
efficiency.  Continuous  hourly  captures  were  conducted  between 
06:00  to  18:45  hours.  Observations  were  made  3  times  a  week  for 
approximately  one  months  duration.  Collecting  containers  were 
gathered  periodically  to  enumerate  the  number  of  Culicoides 
captured  in  each  area  and  to  determine  the  species" present. 
Hydrothermographs  were  used  to  monitor  temperature  and  relative 
humidity. 

PROGRESS;  A  comparative  summary  of  the  results  obtained  during  this 
study  is  presented  in  Figure  2.  With  little  variation,  midge 
biting  activity  was  noted  to  beyin  at  approximately  06:00-06:15  hrs 
each  day  during  the  month  of  ot  ,-et  ation.  The  activity  data  show 
that  there  was  an  early  morning  peak  in  biting  activity  in  the 
house,  followed  by  a  steady  decline  in  activity  until  10:00  hrs.; 
subsequently,  a  moderate  midday  increase  in  activity  was  observed. 
The  early  morning  peak  for  the  exposed  peridomiciliary  site  was 
followed  by  a  decline  in  activity  until  16:00  hrs  in  the  evening. 

A  marked  early  morning  biting  peak  was  not  observed  for  the  shaded 
peridomiciliary  site;  however,  a  general  increase  in  biting 
activity  was  recorded  until  midday,  after  which  a  marked  decrease 
in  biting  activity  occurred  until  16:00  hrs.  At  16:00  hrs  all 
sites  showed  a  synchronous  increase  in  biting  activity.  The  late 
evening  activity  period  lasts  for  approximately  one  hour  before  a 
sharp  decline  in  numbers  is  noted.  Shortly  after  18:30,  all 
biting  activity  for  C.  paraensis  stops. 

The  temperature  data  shows  that  the  early  morning  (06:00-09:00  hrs) 
temperatures  and  late  evening  temperatures  (17:00-18:00  hrs)  for 
the  three  sites  vary  only  a  few  degrees  of  each  other,  while  the 
mid-afternoon  temperatures  (13:00-16:00  hrs)  show  the  largest  range 
of  temperature  readings.  The  site  recording  the  highest 
temperatures  was  the  exposed  site,  while  the  inhouse  readings  were 
intermediate  between  the  two  peridomiciliary  temperature  readings. 

Relative  humidity  readings  were  near  1001  at  the  begininq  of  the 
collections  and  fell  to  below  901  bet.^een  the  hours  08:00  and 
17:00  hours.  The  exposed  peridoniici 1 iary  site  showed  the  lowest 
level  of  humidity 
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Breeding  sites  of  Cul icoides  paraensis 


OBJECTIVES:  The  principal  objective  of  the  following  investigation 
was  to  define  the  breeding  sites  of  Culicoides  paraensis. 

Additional  objectives  were  to: 

a.  determine  the  relationship  of  seasonal  rainfall  and 
midge  abundance. 

b.  determine  the  association  of  preferred  breeding  sites 
and  cultural  practices. 

c.  elucidate  reasonable  control  methods  for  C.  paraensis. 

BACKGROUND:  Epidemiological  investigations  conducted  during 
epidemics  of  Oropouche  (0110)  virus  indicate  that  C.  paraensis  was 
the  most  common  and  dominate  diurnal  insect  species  coTTect^  in 
all  epidemic  environments.  Review  of  the  epidemioi  .igical  findings 
tend  to  support  ttie  iiypotiiesis  that  C.  paraensi^  is  the  main  urban 
vector  of  ORO  virus,  and  Kaboratory  transmission  studies  have 
demonstrated  that  this  species  is  capable  of  transmitting  this 
virus.  However,  before  the  present  investigation  was  initiated, 
very  little  was  known  about  the  preferred  breeding  sites  of  C. 
paraen_si^  in  the  urban  environs.  Since  vector  biology  and  ecology 
niust'be*  understood  to  establish  effective  and  efficient  control 
programs,  it  was  felt  that  a  surveillance  program  should  be 
conducted  to  find  and  describe  the  natural  breeding  sites  for  this 
biting  midge. 

DFSCRIl’TION:  The  present  investigation  was  conducted  at  an 
agriculture  experimental  research  station  (CEPLAC)  located  on  the 
periphery  of  Belem,  Para,  Brazil.  This  site  was  selected  due  to 
the  high  population  of  C.  par.^ns|s  and  security  provided  for 
collecting  traps.  In  addi tiun.'Tt  was  apparent  from  the  high 
density  of  C.  par^nsis,  that  the  breeding  sites  for  this  midge 
must  be  witRin'tTie  confines  of  the  research  station.  The  spatial 
and  ecological  associations  of  the  research  station  are 
graphically  ‘'epresented  in  Figure  3.  The  graphed  area  represents 
only  a  small  portion  of  the  actual  area  involved  in  cacao 
production;  however,  it  was  not  felt  that  those  areas  outside  the 
immediate  collecting  sites  were  influencing  the  nudge  population  in 
the  study  area. 

Ecologically,  the  study  site  would  be  described  as  an  mixed  cacao 


and  banana  tree  plantation.  The  planting  of  banana  trees  in  cacao 
plots  is  a  common  cultural  practice  and  ic  done  so  that  the  banana 
trees  will  provide  protective  shade  for  young  cacao  trees.  Adjacent 
areas  of  secondary  forest  and  lowland  marsh  bordered  the  area  of 
investigation. 

Emergent  traps  were  used  to  survey  different  ecological  habitats 
for  breeding  of  C.  paraensis.  The  type  of  emergent  trap  utilized 
was  dependent  upon  the  ecological  habitats  being  evaluated. 
Description  of  the  habitat  types  and  emergent  trap  designs  were 
included  in  the  1976-77  Annual  Report.  Therefore,  only  the 
breeding  sites  will  be  briefly  described  in  this  section. 

Since  the  breeding  habitats  in  the  study  environment  were  unknown, 
it  was  felt  that  several  habitats  would  have  to  be  investigated  to 
determine  the  preferred  breeding  sites.  The  habitats  evaluated 
were:  (1)  processed  cacao  hulls  discarded  in  open  piles  to 
decompose;  (2)  copious  layers  of  cacao  leaf  litter  lying  below  the 
cacao  trees;  (3)  cut  banana  stumps,  that  portion  remaining  after 
the  main  trunk  had  been  removed;  (4)  decomposing  banana  stalks 
laying  on  the  ground  within  the  cacao  and  banana  plots,  and  (5)  the 
marsh  area  composed  of  a  rich  organic  composite  of  decaying 
vegetative  matter  and  stagnant  water. 

Insect  collecting  containers  employed  with  each  emergent  trap  were 
constructed  with  an  alcohol  reservoir  for  preserving  the  small 
bodied  Culicoides.  These  reservoir  cups  were  routinely  collected 
to  process  the  captured  specimens.  Since  the  purpose  of  the  study 
was  to  define  the  breeding  sites  of  C.  paraensis,  this  species  was 
enumerated,  while  counting  and  volumetric  tecTTriTques  were  used  to 
quantify  the  other  midge  species.  Emergent  traps  utilized  in  the 
different  habitats  were  relocated  periodically  to  allow  continuous 
observations  of  the  particular  study  habitats. 

Monthly  rainfall  data  was  collected  within  the  CEPLAC  research 
station. 

The  adult  population  of  C.  paraensis  was  also  monitored  daily  at 
the  research  station  by  a  team  of  two  collectors  making  biting 
counts  on  the  lower  exposed  portion  of  the  legs  for  two  sequential 
15  minute  biting  captures. 

PROGRESS:  Data  obtained  from  emergent  traps  indicate  that  C. 

?araensis  were  breeding  in  three  of  the  five  habitat  types 
nvesti gated  (Table  5).  Two  of  these  habitat  types  were  associated 
with  decaying  banana  vegetative  substrate  and  the  third  breeding 
site  was  decaying  cacao  hulls.  Of  the  two  banana  tree  substrate 
habitats,  banana  stalks  were  shown  to  be  the  preferred  breeding 
site  by  greater  numbers  of  emerging  midges. 
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The  third  breeding  site  for  C  paraensis  was  shown  to  be 
decomposing  cacao  hulls.  Emergent  trap  data  for  the  cacao  leaf 
litter  and  marshland  habitats  were  negative  for  C.  paraensis  and 
thusly,  collections  in  these  habitats  were  discontinued  in 
February  and  March,  respectively.  However,  other  species  of 
Culicoides  were  collected  in  the  marshland  habitat. 

Table  6  presents  the  quantitative  composition  of  the  Culicoides 
fauna  in  the  two  principal  breeding  habitats  represented  Cul icoides 
paraensis  is  the  principal  species  of  Culicoides  breeding  in  the 
decaying  banana  stalk  habitat;  however,  in  the  cacao  habitat 
contributed  considerably  less  to  the  total  Culicoides  species 
present.  Some  of  the  species  associated  with  the  cacao  and  banana 
habitats  are  also  presented  in  Table  6. 

Figure  4  presents  the  total  monthly  rainfall  and  the  number  of  C. 
paraensis  recorded  per  trap-day  collected  from  the  cacao  hull  and 
oanana  stalk  habitats.  It  is  apparent  from  the  data  available  that 
there  is  considerable  variation  in  emergent  pattern  between  the  two 
breeding  habitats.  The  emergent  population  from  the  cacao  habitats 
appears  to  be  more  directly  related  to  the  rainfall  pattern  than 
the  results  obtained  from  the  banana  stalk  breeding  site. 

Figure  5  illustrates  the  monthly  population  activity  pattern  for  C. 
paraensis  within  the  study  area.  It  would  appear  from  these  data 
that  the  breeding  pattern  is  associated  with  the  quantity  of 
rainfall.  Moreover,  the  data  tend  to  demonstrate  that  a  high 
quantity  of  rainfall  is  required  to  sustain  a  larger  population  of 
C.  paraensis  at  a  relatively  stable  population  level. 

Figure  6  shows  the  effects  of  a  dust  insecticide  (BHC  1.5%)  on  the 
population  of  C.  paraensis  when  the  experimental  cacao  trees  were 
being  treated  Tor  insect  pests.  The  population  showed  a  temporary 
decline  following  the  application  of  insecticide;  however,  it  is 
noted  that  by  the  3rd  and  4th  day  post-treatment,  the  population 
had  returned  to  numbers  equivalent  to  the  pre-treatment  levels. 

COMMENTS:  Data  obtained  in  this  breeding  site  surveillance  program 
shows  that  rotting  banana  vegetative  materials  and  decomposing 
cacao  hulls  are  the  preferred  breeding  habitats  in  the  study  area. 

At  first  it  would  appear  that  the  banana  stumps  and  stalks  should 
be  considered  the  same  habitat;  however,  after  noting  the  quantity 
of  water  associated  with  the  two  banana  substrates,  it  was  felt 
that  a  habitat  distinction  was  warranted.  The  upright  banana 
stumps  function  as  an  artificial  reservoir  for  rain  water,  thus 
creating  an  aquatic  environment,  while  the  decaying  banana  stalk  on 
the  ground  creates  a  semiaquatic  environment  due  to  its  moisture 
retention  properties.  The  separation  of  these  two  habitats  is  also 
supported  by  the  emergence  data  presented  in  Table  5.  It  is 


apparent  from  the  available  information  that  decaying  banana  stalks 
are  the  preferred  breeding  habitat  when  compared  to  banana  stump 
habitat.  Unfortunately,  no  behavioral  data  for  C.  paraensis  is 
available  to  explain  the  distinction  of  breeding" site  selection. 
However,  the  most  important  fundamental  fact  is  that  C.  paraensis 
readily  breeds  in  the  decaying  banana  tree  substrate." 

Decaying  cacao  hulls  were  also  demonstrated  to  be  a  preferred 
breeding  site  for  several  species  of  midges  and  C.  paraensis.  When 
the  cacao  pod  is  processed  manually,  the  pod  is  Hivided  into  two 
parts  to  facilitate  the  removal  of  the  cacao  seeds.  Thus  the 
divided  hulls  form  artificial  containers  for  breeding  sites. 

However,  it  has  been  observed  that  some  organic  decomposition  must 
occur  before  breeding  in  the  highly  organic  substrate  is  possible. 

It  has  been  a  cultural  practice  for  many  Brazilians  in  the  Amazon 
region  to  plant  banana  trees  near  their  residences.  Within  the 
urban  environment  it  is  quite  common  to  observe  numerous  small 
groups  of  banana  trees  associated  with  the  residences.  Banana 
trees  are  naintained  near  the  residence  for  various  reasons. 

Normally,  banana  trees  when  planted  in  small  groups  near  the  houses 
provide  a  source  of  fruit  which  supplements  the  family  diet; 
however,  it  has  also  been  observed  in  numerous  cases  that  banana 
trees  are  maintained  to  provjde  shade  or  to  prevent  soil  erosion. 

When  a  banana  tree  yields  fruit,  it  is  comnwn  practice  to  harvest 
the  banana  cluster  by  cutting  the  entire  trunk  on  which  the  fruit 
was  borne,  since  this  portion  of  the  tree  will  not  bear  fruit 
again.  Normally,  the  tree  trunk  is  cut  into  several  smaller 
sections  (stalks)  and  left  at  the  base  of  the  remaining  tree.  It 
U  important  to  note  that  sectioning  the  banana  tree  trunk 
increases  the  available  breeding  material,  since  egg  oviposition 
and  larval  development  occurs  primarily  on  the  exposed  ends  of  tho 
stalks  and  the  decaying  material  within.  Banana  stalks  form  a 
decaying  substrate  which  is  utilized  as  an  organic  fertilizer.  The 
length  of  time  required  for  decomposition  of  the  banana  substrate 
is  variable  depending  on  environmental  cimdi t ions , however,  the 
substrate  will  normally  serve  as  a  breeding  site  for  midges  for  2 
to  4  months. 

The  second  preferred  breeding  habitat  associated  with  cultural 
practices  in  the  Amazon  basin  is  that  of  cacao  production. 

Normally,  cacao  plantations  are  not  closely  associated  with  larger 
urban  areas; however,  large  plantations  of  cacao  have  been  observed 
to  be  closely  associated  with  smaller  agriculturally  oriented  urban 
areas.  Cacao  is  normally  harvested  once  a  year  during  the  months 
of  January-March.  Normally,  after  the  cacao  pods  are  removed  from  the 
tree  they  are  taken  to  a  central  area,  usually  near  the  owners 
residence,  and  processed  for  the  seed  from  which  cocoa  is  derived. 

This  process  is  performed  by  manual  labor  which  requires  the  cacao 
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pods  to  be  opened  and  the  seeds  extracted.  The  problem  that  is 
then  derived  from  the  processing  is  proper  disposal  of  large 
volumes  of  cacao  hulls  which  have  no  commercial  value.  Normally, 
the  cacao  hulls  are  piled  in  large  mounds  and  left  to  decompose 
naturally.  As  the  cacao  substrate  is  decomposing  it  provides  an 
excellent  breeding  habitat  for  C.  paraensis  and  other  midge 
species.  Depending  on  the  quanTity  of  material  present,  the  hulls 
may  produce  thousands  of  man-biting  midges. 

Since  available  data  indicate  that  the  breeding  sites  for  C. 
paraensis  are  closely  associated  with  cultural  practices  of” man, 
then  the  problem  arises,  what  are  the  best  methods  for  reducing  or 
controlling  the  midge  population.  Since  decomposing  banana 
vegetative  matter  has  been  found  to  be  a  preferred  midge  breeding 
site,  it  appears  that  urban  populations  of  C.  paraensis  could  be 
significantly  reduced  if  the  decomposing  banana  material  could  be 
removed  from  the  residential  areas.  This  could  be  accomplished  by 
simple  burial  of  the  banana  breeding  materials  within  the  area 
where  banana  trees  are  grown  or  by  an  organized  municipal  program 
in  which  the  material  is  disposed  of  in  a  sanitary  landfill. 

Either  method  would  isolate  the  material  from  serving  as  a  breeding 
site.  However,  cultural  modification  within  the  urban  environment 
cannot  be  accomplished  unless  a  majority  of  the  residences 
participate  in  the  control  program.  It  is  conceivable  that  by 
simple  cultural  methods  that  the  uT'ban  population  of  £.  paraensis 
could  be  reduced  to  a  population  level  below  that  required  for 
transmission  of  ORO  virus. 

Cultural  control  efforts  in  areas  where  there  exist  large  cacao 
plantationsshare  similar  problems  to  those  noted  in  the  urban 
areas,  namely  the  removal  or  destruction  of  the  midge  breeding 
sites.  Studies  conducted  in  a  cacao  plantation  environment 
indicate  that  the  decomposing  cacao  pods  is  the  only  substrate 
producing  large  numbers  of  C.  paraensis.  Therefore,  if  the  cacao 
pods  were  disposed  in  a  proper  manner  this  breeding  habitat  could 
be  significantly  reduced.  Unfortunately,  it  is  common  practice 
to  leave  piles  of  this  material  near  the  residence,  thereby 
creating  a  favorable  association  of  human  blood  meal  and  midge 
breeding  sites. 

In  the  event  that  cultural  modification  programs  are  ineffective, 
then  temporary  control  programs  with  the  use  of  insecticide  would 
have  to  be  initiated.  Diurnal  activity  patterns  for  C.  paraensis 
described  previously  indicate  that  the  biting  midge  population  is 
most  active  during  the  latter  evening  hours  (16:00-18:00  hrs). 
Therefore,  it  is  only  reasonable  to  conclude  that  a  cost- 
effective  pesticide  control  program  would  take  advantage  of  this 
information  and  concentrate  control  efforts  during  this  period. 

In  summary,  it  would  appear  that  basic  modifications  in  the 


cultural  practices  associated  with  the  proper  management  of 
potential  breeding  materials  for  C.  paraensis  could  significantly 
reduce  the  potential  for  occurrence  of  dRO  epidemics  in  the  Amazon 
Basin. 


2.  Man  as  the  principal  vertebrate  host 

OBJECTIVE:  The  objective  of  this  section  is  to  summarize 
available  information  regarding  human  infection  with  Oropouche 
(ORO)  virus.  Special  areas  of  consideration  will  be  the  clinical 
syndrome  and  viremia  produced  following  infection.  The  underlying 
question  is:  Can  man  serve  as  the  principal  vertebrate  amplifying 
host  in  the  epidemic  cycle  of  ORO  virus? 

BACKGROUND:  The  previous  sections  have  clearly  established  that 
Culicoides  paraensis  is  in  all  probability  the  primary  epidemic 
vector  of  ORO  virus  to  man.  The  question  remains  though,  where  the 
infected  vector  acquires  its  infection.  The  sections  on  the  basic 
biology  of  C.  paraensis  have  demonstrated  that  this  species  is 
intimately  Tinked  to  man  through  its  utilization  of  breeding  sites 
created  by  man,  and  in  all  probability  by  using  man  as  its  prime 
source  of  blood  meals.  The  behavioral  patterns  described  for  this 
species  indicate  that  it  utilizes  a  diurnal  activity  period  and 
that  it  is  not  adverse  to  entering  houses  in  search  of  its  hosts. 
Certainly  the  vector  is  adequately  exposed  to  man. 

The  previous  section  which  dealt  with  ORO  virus  transmission  studies 
gives  some  idea  as  to  the  threshold  of  viremia  needed  to  infect 
feeding  C.  paraensis.  While  a  definite  critical  threshold  was  not 
establisTTed,  many  C.  paraensis  were  infected  when  fed  on  a  viremic 
hamster  which  titered  TO^^^^SMLDcq/ 0.02  ml,  and  most  of  those 
infected  went  on  to  transmit  ORO  virus  by  bite  to  susceptible 
hamsters.  Consequently,  one  might  assume  that  a  viremia  titer  of 
this  magnitude  would  be  sufficient  to  serve  to  infect  feeding 
vectors. 

DESCRIPTION:  Information  presented  in  this  section  has  been  taken 
from  the  published  references  cited.  No  new  studies  were  conducted. 

PROGRESS:  Clinical  disease  in  man  due  to  infection  with  ORO  virus 
was  described  in  detailed  by  Pinheiro  et  al.  (1976).  They  reported 
on  an  epidemic  which  occurred  in  the  village  of  Mojui  dos  Campos, 
Para,  Brazil  during  February,  1975.  Clinical  symptoms  of  68 
patients  naturally  infected  with  ORO  virus  during  this  outbreak  are 
summarized  in  Table  7.  Most  frequently  reported  clinical 
manifestations  were  fever,  headache,  chills  and  myalgia.  Illness 
was  reported  to  last  from  2  to  7  days,  and  several  patients  became 
severely  ill,  occasionally  to  the  point  of  prostation. 

Titrations  of  ORO  virus  isolated  from  naturally  infected  viremic 
patients  have  been  reported  on  occasion.  Pinheiro  et  al.  (1962) 


COMMENTS:  When  reviewing  population  activity  of  C.  paraensis  in 
the  domestic  environs,  it  is  apparent  that  the  beKavi oral  biting 
patterns  were  markedly  different  between  sites,  and  that  monitored 
physical  parameters  were  also  variable  between  environs.  With  the 
available  data  it  is  difficult  to  correlate  biting  activity  with 
the  physical  parameters,  since  several  factors  affecting  biting 
activity  were  not  evaluated  (ex.  physiological  status  of  the  biting 
midge,  influence  of  light  intensity  and  duration).  However,  some 
benefical  information  can  be  derived  from  the  data. 

It  is  apparent  from  the  large  number  of  Culicoides  collected  in  the 
domestic  environs,  that  this  species  would  be  a  good  suspect  for 
disease  transmission.  It  is  strongly  endophilic  and  readily  feeds 
on  man.  The  data  shows  that  biting  activity  in  the  house  and 
shaded  collecting  sites  remained  fairly  high  throughout  the  day. 
This  behavioral  activity  is  important  since  it  is  also  human  and 
animal  behavior  to  seek  protected  areas  from  the  sun  and  higher 
temperatures  during  midday.  In  addition,  this  activity  pattern 
suggests  that  the  physical  parameters  and  humidity  may  be  involved 
in  modifying  the  temporal  activity  pattern  of  C.  paraensis. 

A  third  parameter,  which  was  not  monitored  but  which  is  believed  to 
have  a  major  effect  on  midge  population  activity,  is  light 
intensity.  It  was  noted  that  the  early  morning  peak  in  biting 
activity  began  with  the  rapid  change  in  light  intensity;  however, 
during  this  transition  phase  the  physical  parameters  of  temperature 
and  humidity  were  stable. 

The  higher  number  of  midges  collected  in  areas  showing  lower 
temperatures  and  higher  humidities  during  midday  tends  to  suggest 
that  the  Culicoides  are  leaving  those  areas  of  higher  temperatures 
and  concenTrating  in  nwre  protected  areas.  However,  when 
environmental  conditions  become  more  favorable  late  in  the 
afternoon,  between  16:00-18:00  hours,  the  midge  activity  markedly 
increases  and  disperses. 
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Taole  5  .  Ooser/stiors  on  habitat  preference  of  CoHcoides  paraensis  evaluated  t>y  er^rjence  traps.  Cullcoides 
species  were  collected  by  .teans  of  eaergent  traps,  tie liit,  Tara,  Brazil,  1977-1978,  “ 


Table  6  .  Quantitative  co-Tposition  of  the  Culicoides  fau 


presented  titers  of  15  patients  bled  during  illness  and  showed  a 
maxinHjm  titer  of  10^-«SMLD5o/0,02  ml.  Five  (33. a*)  of  the  fifteen 
sera  tested,  had  titers  equal  to  or  greater  than  104.0sMLD5o/0.02 
ml.  These  results  are  reproduced  in  Table  8.  In  the  Mojui  dos 
Campos  study,  viremia  was  titrated  in  6  patients,  and  results  of 
comparative  titration  methods  were  also  reported.  In  this  study,  5 
of  fhfi  6  sera  tested  titered  equal  to  or  greater  than 
10_*^SMLD5q/0.02  ml,  and  the  highest  titer  recorded  was 
105-tSMLD5o/0.02  ml.  These  results  are  reproduced  in  Table  9.  A 
seventh  patient,  not  included  in  Table  9,  was  reported  with  a 
maximum  titer  of  10O’OsmlD5q/0.02  ml.  A  patient  in  whom  viremia 
was  followed  daily  was  viremic  during  the  first  4  days  of  illness, 
but  negative  on  the  5th  day. 

COMMENT:  Results  summarized  here  clearly  indicate  that  man,  when 
infected  with  ORO  virus,  produces  a  viremia  of  sufficient  titer  to 
least  a  portion  of  the  feeding  C.  paraensis.  If 
105.0SMLD5q/0.02  ml  is  used  as  a  critical  thresliold  to  infect 
feeding  midges,  then  2  (9*1  of  the  22  reported  cases  could  serve  as 
amplifying  hosts.  If  104.0smlDcq/0.02  ml  is  considered  the 
critical  threshold,  then  11  (50i;  of  the  22  patients  tested  could 
contribute.  With  a  viremic  period  which  spans  4  days,  and 
apparently  sufficient  viremia  titers  to  infect  feeding  vectors 
produced  during  at  least  part  of  the  that  time,  it  seems  probable 
that  man  is  the  principal  vertebrate  amplifying  host  in  the 
epidemic  cycle  of  ORO  virus.  The  fact  that  man  may  become  quite 
ill  with  ORO  virus  infection,  to  the  point  of  remaining  at  home  in 
bed,  does  not  lessen  the  impact  of  his  potential  contribution, 
since  it  has  already  shown  that  C.  paraensis  will  quite  readily 
enter  houses  in  search  of  human  Flood  meals. 
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TABLE  7.  Clinical  symptoms  of  68  patients  infected  with  Oropouche 
virus  during  an  outbreak  in  Mojui  dos  Campos,  Para,  Brazil,  1975*. 


Signs  or  Symptoms 

% 

Fever 

97 

Headache 

88 

Chills 

85 

Myalgia 

82 

Arthralgia 

67 

Photophobia 

66 

Dizziness 

63 

Nausea 

26 

Conjunctival  congestion 

22 

Vomiting 

17 

Diarrhea 

13 

Coryza 

3 

Cough 

3 

*  From  Pinheiro,  et  al.,  1976. 
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TABLE  8.  Summary  of  Oropouche  (ORO)  viremia  titers  among  15 
patients  from  whom  the  virus  was  isolated  during  an  epidemic  in 
Belem,  Para,  Brazil;  April  and  May,  1961*. 


Specimen  number 

Titer 

of  ORO  virus  in  sera 

H  29604 

4.8  i 

logjoSMLDi3Q/0.02  ml 

H  29086 

4.7 

H  29716 

4.5 

H  29762 

4.0; 

3.0 

H  3012b 

4.0 

H  29327 

3.9 

H  29020 

3.8 

H  29516 

3.5 

- 

H  29717 

3.4 

H  29872 

3.4 

H  30079 

3.2 

H  29329 

2.9 

H  29761 

2.4 

H  29559 

1.8 

H  29718 

0.8 

*  From  Pinheiro  et  al.,  196?. 
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TABLE  9.  Summary  of  Oropouche  viremia  titers  among  6  patients 
infected  during  an  epidemic  in  Mojui  dos  Campos,  Para,  Brazil  in 
1975.  Also  shown  is  a  comparison  of  the  sensitivity  of  different 
methods  for  titrating  Oropouche  virus*. 


Specimen 

Numbers 

Vero  cells 

Baby  mice 
ic 

LO5Q/O.O2  ml 

PFU/0.1  ml 

TCO50/O.OI  ml 

Tubes 

Microplates 

H  275932 

4.9 *  ** 

5.5 

- 

4.3 

H  273999 

4.5 

4.5 

- 

4.0 

H  274000 

- 

4.7 

- 

3.5 

H  274053 

- 

3.5 

3.5 

4.0 

H  274055 

5.7 

6.0 

5.0 

5.2 

H  274082 

4.6 

- 

4.5 

4.8 

*  From  Pinheiro  et  al.,  1976. 
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3.  The  Tome  A^ii  epidemic 


OBJECTIVE:  The  objective  of  this  section  is  to  conduct  concurrent 
epidemiological  and  entomological  surveys  during  an  Oropouche  (ORO) 
virus  epidemic  in  Tome  Agu  and  contiguous  rural  settlements. 
Additional  objectives  of  the  survey  were  to: 

a.  determine  the  prevalence  of  ORO  virus  in  the  inhabitants 
of  Tome  Agu  and  surrounding  rural  areas. 

b.  define  the  geographical  distribution  of  clinical  cases 
of  ORO  virus. 

c.  quantify  and  identify  the  hoiia tophagous  insects  biting 
man  in  a  peridomici 1 iary  environment. 

d.  identify  the  epidemic  vector  of  ORO  virus. 

BACKGROUND:  During  the  second  qu'^fter  of  1978,  reports  of  clinical 
cases  of  Yellow  Fever  (YF)  virus  from  Tome  Agu  area  were  referred 
to  the  Institute  Evandro  Chagas  virology  section.  In  August, 
members  of  the  virology  section  and  USAMRU  traveled  to  the  areas 
where  YF  virus  was  reported.  During  a  general  epidemiological 
survey  of  the  inhabitants  in  the  area,  the  Tome  Agu  hospital  was 
visited  to  determine  if  febrile  patients  were  present.  An 
adolescent  female  patient  had  been  admitted  on  the  day  of  the 
visit  with  clinical  signs  of  fever  and  general  discomfort.  Blood 
was  drawn  for  virus  isolation  attempt.  The  virus  isolated  was 
identified  as  ORO  virus.  Thus,  it  became  apparent  that  two 
epidemics  of  arboviral  agents  were  occurring  concurrently,  both 
YF  and  ORO.  Subsequently,  field  investigations  for  ORO  virus 
activity  in  the  Tome  Agu  area  were  initiated  by  a  joint  effort  of 
Institute  Evandro  Chagas  and  USAMRU. 

DESCRIPTION:  Tome  Agu  is  a  small  village  located  due  south  of 
Belem  in  the  state  of  Para.  The  area  of  Tome  Agu  is  divided 
into  various  jurisdictional  areas,  in  which  the  village  of  Quatro 
Bocas  lies.  Early  clinical  cases  of  ORO  virus  were  reported 
primarily  from  Quatro  Bocas.  From  early  case  reports  it  was  felt 
that  the  disease  focus  was  located  in  the  vicinity  of  Quatro  Bocas. 
This  village  serves  as  a  commercial  center  for  the  large 
agriculture  area  surrounding  Quatro  Bocas. 

Epidemiological  efforts  were  concentrated  within  the  village  and 
nearby  agriculture  farms;  however,  reports  of  persons  with  fever 
in  nearby  settlements  wore  also  investigated  when  feasible.  A 
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house-to-house  survey  of  Quatro  Bocas  to  identify  those  persons 
exhibiting  clinical  signs  of  ORO  virus  infection  was  conducted  by  a 
2  man  epidemiological  survey  team.  Case  histories  were  recorded 
and  blood  samples  were  drawn  for  virus  isolation  attempts.  Blood 
samples  were  stored  in  liquid  nitrogen  and  transferred  to  the 
Institute  Evandro  Chagas  for  virus  isolation  attempts.  White  mice 
and  hamsters  were  utilized  to  isolate  ORO  virus  from  febrile  cases. 

Entomological  surveys  for  hematophagous  insects  were  conducted 
primarily  in  two  areas  of  the  village  and  two  peripheral  areas. 
Capture  sites  are  shown  in  Figure  7.  Sites  were  chosen  based  on 
epidemiological  evidence  of  ORO  virus  activity  in  those  areas. 
Systematic  man-biting  captures  for  insects  were  performed  by  two 
man  teams  making  collections  near  the  houses.  Night  time  man- 
biting  collectionsand  CDC  light  traps  baited  with  carbon  dioxide 
were  used.  Captured  hematophagous  insects  were  gathered 
periodically  and  transferred  to  the  field  laboratory  where  they 
were  separated  into  general  taxonomic  groups  and  subdivided  into 
blood  fed  and  non-engorged.  Only  non-engorged  insects  were  tested 
for  virus  isolation.  Field  material  was  conserved  in  liquid 
nitrogen  and  returned  to  the  main  laboratory  for  virus  isolations 
attempts. 

In  Belem,  collected  insects  were  identified  and  pooled  for  virus 
Isolation  attempts.  Initial  pool  size  for  Culicoides  paraensis  was 
approximately  100  individuals.  When  it  later  became  apparent  that 
several  thousand  Culicoides  would  need  to  be  tested,  the  pool  size 
was  raised  to  200. 

Culicoides  were  assayed  for  virus  in  Vero  cells  grown  in  tubes. 

Pools  of  Culicoides  were  triturated  with  tissue  grinders  in  1.0  ml 
of  25%  Bovine  plasma  albumin  in  phosphate  buffered  saline  with 
antibodies.  Triturated  pools  were  centrifuged  at  low  speeds  for  15 
minutes,  then  0.1  ml  of  supernatant  fluids  inoculated  into  duplicate 
drained  tubes  of  Vero  cells.  Tubes  were  then  incubated  for  1  hr  at 
37OC,  rinsed,  and  1.0  ml  of  fresh  maintenance  media  added.  Tubes 
were  observed  daily  for  evidence  of  viral  cytopathic  effect  (CPE) 
for  15  days  post  inoculation.  Oropouche  virus  normally  causes  CPE 
on  initial  passage  in  Vero  cells  between  days  10  and  14. 

PROGRESS:  Table  10  presents  a  summary  of  the  age,  sex,  occupation 
and  area  of  residence  for  confirmed  cases  of  ORO  virus  in  the  area 
of  Tome  Agu. 

During  the  initial  ORO  virus  survey  in  the  Tome  A^u  area,  20 
strains  of  ORO  virus  were  isolated  from  human  blood  samples. 

Twelve  of  the  isolates  were  from  persons  residing  within  the 
village  of  Quatro  Bocas,  with  one  case  occurring  on  cacao 
plantations  bordering  the  village.  One  case  was  identified  in  Tome 
Agu,  which  is  located  approximately  13  kilometers  west  of  Quatro 


Bocas.  Two  cases  were  reported  from  Arraia,  a  small  village 
located  to  the  north  of  Quatro  Bocas.  Four  additional  cases  were 
recorded  from  field  technicians  investigating  the  epidemic  in 
Quatro  Bocas  and  one  case  recorded  from  a  female  visiting  the  area 
during  the  epidemic. 

Entomological  survey  results  show  that  15  species  of  insects  were 
collected  by  man-biting  captures  in  the  village  of  Quatro  Bocas 
(Table  11).  Capture  data  shows  that  the  dominate  diurnal 
peri domiciliary  species  was  C.  paraensis,  with  Culex  fatigans  and 
Culex  coronator  being  the  dominate  nocturnal  species.  Nuinbers  of 
hematophagous  insects  collected  during  the  survey  were  fairly 
variable  when  comparing  spatial  distribution  of  insects  within  the 
village  and  surrounding  agriculture  areas.  The  greatest  difference 
noted  in  spatial  distribution  of  insects  was  for  C.  paraensis,  the 
suspect  vector  of  ORO  virus.  The  largest  number  of  C.  paraensis 
recorded  was  associated  with  those  areas  involved  in  cacao 
production,  with  the  fewest  numbers  being  collected  from 
bordering  areas. 

Figure  8  shows  the  diurnal  biting  pattern  for  C.  paraensis  near  a 
house  located  on  a  cacao  plantation.  This  area  was  found  to  have  a 
large  population  of  biting  midges.  This  biting  activity  was  found 
to  be  a  trimodal  pattern  with  the  highest  activity  occurring 
between  16:00  and  18:00  hours. 

Preliminary  results  are  available  for  virus  isolation  attempts  from 
insects  collected  from  Quatro  Bocas.  To  date  a  total  of  155  pools 
representing  24,465  individuals  of  C.  paraensis  have  been  tested 
for  virus  in  cell  culture.  Of  these,  4  pools  have  produced  CPE 
characteristic  of  ORO  virus.  All  4  have  been  successfully  passed 
in  cell  culture,  all  are  neutralized  by  antibody  specific  to  ORO 
virus.  All  4  pools  were  collected  from  the  same  locality,  a 
Japanese  cacao  plantation  which  had  several  persons  ill  with  ORO 
virus  infection. 

Figure  9  graphically  depicts  the  location  of  residencies  for  12 
persons  from  whom  ORO  virus  was  isolated.  In  addition,  the 
collection  site  of  the  4  pools  of  C.  paraensis  from  which  ORO  virus 
was  isolated  is  also  presented.  CTearly  ORO  virus  activity  was 
dispersed  throughout  the  village  of  Quatro  Bocas,  and  not  localized 
in  any  particular  area. 

COMMENTS:  Epidemiological  findings  indicate  that  an  epidemic  of 
ORO  virus  was  being  experienced  by  the  inhabitants  of  the  Tomi  Agu 
area,  with  an  apparent  focus  of  disease  activity  occurring  in 
Quatro  Bocas  and  adjoining  agricultural  farms.  However,  data  is 
not  available  to  determine  the  initial  onset  of  the  disease,  since  it 
is  a  common  practice  in  small  communities  of  the  Amazon  Basin  for  ill 
persons  to  remain  in  the  home  and  not  seek  medical  attention. 


It  was  apparent  from  the  preliminary  epidemiological  findings  that 
ORO  virus  was  more  prevalent  among  the  inhabitants  than  was 
Indicate  by  the  number  of  confirmed  cases.  When  the  house-to-house 
survey  was  being  conducted,  numerous  households  indicated  that 
febrile  symptoms  similar  to  ORO  virus  disease  had  been  experienced 
by  family  members;  however,  the  etiological  disease  was  unknown. 

It  would  be  reasonable  to  assume  that  a  proportion  of  these  febrile 
reports  could  be  attributed  to  ORO  virus.  Due  to  the  general 
dispersion  of  ORO  virus  isolates  within  the  village,  it  was  not 
felt  that  the  disease  prevalence  could  be  associated  with  a 
particular  residential  area  (Figure  9).  This  was  expected  since 
the  village  area  is  small  and  the  inhabitants  are  quite  transient. 

From  the  available  data  derived  from  the  case  histories  of 
confirmed  ORO  virus  isolates,  it  was  found  that  85%  (17/20)  of  the 
cases  were  males  with  an  age  range  of  7  to  58.  Five  of  the  male 
cases  were  persons  associated  with  agriculture  related  work,  and 
since  cacao  is  one  of  the  main  agriculture  crops,  it  can  be  assume 
that  these  individuals  were  working  in  areas  of  high  populations  of 
Culicoides.  Only  15%  (3/20)  of  the  cases  were  female,  thus  the  data 
tends  to  suggest  that  activities  or  occupations  are  important 
factors  in  determining  the  risk  of  exposure  to  ORO  virus  infection. 

It  should  be  noted  that  the  residential  location  was  an  important 
factor  when  considering  the  spatial  distribution  of  hematophagous 
insects  (Table  11).  An  approximately  two  fold  variation  was  noted 
for  Culex  fatigans  and  Culex  coronator  in  two  areas  of  the  village. 
However,  the  most  marked  differences  was  noted  for  C.  paraensis. 

Since  the  epidemiological  and  laboratory  transmission  data 
accumulated  to  date  indicates  that  Culicoides  paraensis  is  the  most 
probable  insect  vector,  it  is  important  to  note  that  this  species 
was  the  dominate  species  collected  in  all  capture  areas.  However, 
the  number  of  C.  paraensis  was  found  to  be  considerably  higher  in 
the  agriculture  areas  producing  cacao  than  in  the  village.  These 
finding  were  not  unexpected,  since  prior  studies  at  a  cacao 
research  station  in  Belem  demonstrated  that  rotting  cacao  husk 
provides  a  natural  breeding  substrate  for  several  species  of  midges 
including  that  of  C.  paraensis.  Samples  of  the  cacao  husks 
collected  at  the  cacao  plantations  yielded  several  individuals  of 
C.  paraensis.  Since  Quatro  Bocas  is  primarily  an  agricultural 
center,  several  large  cacao  plantations  border  the  small  village; 
therefore,  it  is  proposed  that  main  population  of  C.  paraensis 
observed  within  the  village  can  be  attributed  to  tKe  dispersion  of 
this  biting  midge  from  nearby  cacao  plantations.  The  other 
recognized  breeding  site  for  C.  paraensis,  decomposing  banana  tree 
substrate,  does  not  appear  to~be  important  in  Quatro  Bocas  since 
few  banana  trees  were  observed  within  the  village. 
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Areas  where  man  biting  insetts  were  collected. 


^  Spatial  distribution  of  capture  sites  in  Quatro  Bocas, 
rara,  brazil,  19/8. 


Area  in  which  foar'rErains  of  Oropouche  virus  was  isolated  from 
pools  of  C.  paraensis. 


•  Spatial  distribution  of  Oropouche  virus  isolates  from  man. 
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Fig.  9.  Spatial  distribution  of  Oropouche  virus  isolates  from  man  and 
C.  paraensis  in  Quatro  Boca,  ParA,  Brazil,  1978. 
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TABLE  10.  Age,  sex  and  occupation  data  for  Oropouche  cases 
determined  by  virus  isolation. 


City  of  residence 

Sex 

Age 

Occupation 

H  F 

Quatro  Bocas 

X 

58 

Agriculture  laborer 

Quatro  Bocas 

X 

19 

Unknown 

Quatro  Bocas 

X 

6 

Unknown 

Quatro  Bocas 

X 

10 

Student 

Quatro  Bocas 

X 

14 

Unknown 

Quatro  Bocas 

X 

7 

Student 

Quatro  Bocas 

X 

43 

Agriculture  laborer 

Quatro  Bocas 

X 

59 

House  construction  worker 

Quatro  Bocas 

X 

9 

Student 

Quatro  Bocas 

X 

20 

City  water  works 

Arraia 

X 

18 

Agriculture  laborer 

Arraia 

X 

15 

Agriculture  laborer 

Tome  Agu 

X 

28 

Agriculture  engineer, 

cacao 

Bel&n* 

X 

27 

Field  technician* 

Belem* 

X 

16 

Field  collector* 

Belim* 

X 

27 

Laboratory  technician* 

Belem* 

X 

15 

Field  collector* 

Quatro  Bocas 

X 

22 

Store  clerk 

Quatro  Bocas 

X 

23 

Store  clerk 

Belem 

X 

27 

Visitor 

*  Members  of  field  teams  investigating  the  epidemic 


Ttbl*  II  .  List  of  h«Mtoph<90us  <ns(cts  collected  In  «n  tnItUI  survey  of 

QueffO  locei  dur<n9  tn  Oropouche  virus  epidemic,  Ptre,  BrettI,  I9f8 


Locetlon  and 
species  collected 


Diurnal  man-bltlnj  Nocturnal  captures 
captures*  *  Total 

(perldomlclllary)  Man-bltlnj  COC** 


forest  area 


Cullcoldes  paraensls 

Aedes  scapularls 
Cules  TatijVns 
CiiTei  cqron.ilor 
ruliTs  drcT.iralor 
TuTei  lornlipM*'* 
llinafus  durli.iffll 
Psbrop'Wja  cTn^ulati 
TrTdnnirosoppn  diqUatum 
Uy'eomyi  a  Vpp  " 

Village  Street  f  $ 

Cullcoldes  paraensls 

Ae^s  scapularls 
AnoplieVe's  INysP nuneitovarl 
rules  fafijanV 
Cules  toton.ilbr 

ruTy  Sp »  n  " 

CiTlex  doc  1  lira 
tiiTy  (McTT)  "sp 

riiTes  cbV'nlQ^ 

CuTes  spp  ' 

Psorophora  feros 
PsoropKora  cingulata 

Japanese  Cacao  Plantation 

Cullcoldes  EiriensU 

Hospital 

Cullcoldes  paraMsJs 


171 

0 

0 

171 

1 

0 

0 

1 

14 

67 

7 

88 

18 

15 

16 

49 

9 

0 

17 

26 

10 

0 

2 

12 

2 

0 

0 

2 

0 

2 

0 

■2 

1 

0 

0 

1 

4 

0 

0 

4 

652 

0 

0 

652 

0 

1 

1 

2 

0 

22 

111 

39 

172 

42 

4 

2') 

75 

0 

0 

1 

1 

0 

4 

0 

4 

1 

0 

0 

1 

5 

0 

5 

10 

0 

3 

4 

7 

2 

0 

0 

.  2 

0 

2 

6 

7 

5056 

HT*»» 

NT 

5056 

1001 

NT 

NT 

1001 

*  Captures  times  were  0700  to  1850  hrs. 

••  Light  traps  nere  operated  from  1900  to  0700  hrs. 
•*•  Nocturnal  captures  were  not  preformed. 
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B.  Studies  on  the  Endemic  Cycle 
1 .  Curua>Una  study 
a.  Vectors  present 

OBJECTIVE:  The  objectives  of  this  study  were  to  conduct  field 
surveillance  of  hematophagous  insects  in  forested  areas  in  an 
effort  to  incriminate  natural  vector(s)  of  Oropouche  virus,  and 
when  possible,  to  determine  seasonal  and  ecological  associations  of 
potential  insect  vectors. 

BACKGROUND:  In  May  1977  an  entomological  and  ecological  field 
surveillance  program  was  initiated  in  Curua-Una  to  investigate 
Oropouche  (ORO)  virus  activity  in  a  sylvatic  environment.  Curua- 
Una  is  located  approximately  44  km  south  and  40  km  west  of  Santaren\ 
Para,  Brazil.  This  area  was  selected  for  study  because  in  1975  an 
epidemic  of  ORO  virus  was  investigated  in  a  small  village,  Mojui  dos 
Campos,  which  lies  near  the  Curua-Una  forest.  It  was  felt  that 
perhaps  ORO  virus  was  endemic  in  this  forested  area,  and  that  ORO 
virus  may  have  been  introduced  into  Mojui  dos  Campos  from  it. 

Available  epidemiological  and  entomological  information  tends  to 
support  the  hypothesis  that  the  disease  is  maintained  in  a  sylvatic 
vertebrate-insect  cycle  of  transmission.  This  theory  is  supported 
by  serological  evidence  of  ORO  virus  activity  among  forest 
inhabitating  birds  and  mammals. 

DESCRIPTION:  The  field  surveillance  program  was  designed  to 
monitor  hematophagous  insects  for  virus  activity  and  to  obtain 
basic  entomological  information  concerning  insect  ecology. 
Entomological  information  was  gathered  by  multiple  collecting 
techniques  (light  traps,  Shannon  trap,  and  man  biting  collections). 

A  routine  ground  and  canopy  collecting  program  was  established  at 
three  separate  field  collecting  stations  (Figure  10).  The 
systematic  collecting  program  was  designed  to  study  both  the 
diurnally  and  nocturnally  feeding  insect  activity.  All  medically 
important  insects  collected  are  in  the  process  of  being  classified 
and  assayed  for  virus. 

A  sentinel  hamster  animal  program  was  also  conducted  for  a  short 
period  of  time  during  the  surveillance,  Sentinel  animals  were 
marked  by  digital  clipping  and  exposed  at  two  forest  levels,  ground 
and  canopy.  Hamsters  exposed  during  the  diurnal  period  (06:00- 
18:00  hrs.)  were  replaced  by  a  second  group  of  hamsters  which  were 
exposed  during  the  nocturnal  period  (18:00-06:00  hrs.).  After  being 
exposed  for  2  weeks  in  the  sylvatic  environment,  they  were 
maintained  in  the  laboratory  for  two  additional  weeks  and  observed 


for  overt  clinical  signs  of  virus  activity.  Subsequently,  they 
were  sacrified  for  serological  testing  for  virus  antibodies. 

The  ecological  descriptions  for  the  study  area  are  included  in  a 
subsequent  section  of  this  report. 

PROGRESS:  The  syl vatic  surveillance  program  was  concluded  after 
one  season  of  observations.  However,  material  from  this 
investigation  is  still  being  identified  and  processed  for  virus 
isolation  attempts.  Therefore,  only  general  results  will  be 
presented  here. 

Table  12  presents  a  preliminary  list  of  heraatophagous  insects 
collected  by  various  collecting  methods  at  the  three  Curua-Una 
forested  collecting  stations.  To  date,  43  species  of  Culicidae 
have  been  identified  and  7  species  of  biting  midges 
(Ceratopogonidae).  The  largest  number  of  hematophagous  insects 
collected  belong  to  the  Culicinae  and  Phlebotomus  taxonomical 
groups. 

Table  13  summarizes  the  results  of  the  sentinel  hamster  program 
utilized  to  survey  sylvatic  virus  activity.  Seventy  nine  (79) 
hamsters  were  exposed  for  6  days  each.  Only  one  isolation  of  virus 
was  obtained,  Kwatta  virus,  and  although  all  sera  were  tested 
against  a  block  of  19  antigens,  no  sero-conversions  were  noted. 

Tables  14,  15  and  16  present  the  monthly  geometric  mean  of  the 
numbers  of  taxonomical  groups  (Culicidae,  Psychodidae, 
Ceratopogonidae)  of  insects  by  two  collecting  methods  (man  biting, 
shannon  trap).  Mosquitoes  (Culicidae)  and  sandflies  (Psychodidae) 
were  the  dominate  groups  collected. 

COMMENTS:  As  is  shown  in  the  species  list,  the  sylvatic  environs 
of  Curua-Una  produce  a  significant  number  of  hematophagous  insect 
species,  and  thus,  demonstrate  a  wide  potential  disease  vector 
spectrum.  It  would  therefore  seem  reasonable  to  assume  that  if 
there  exists  a  sylvatic  vector-vertebrate  cycle  of  ORO  virus  within 
the  study  environment,  then  the  basic  entomological  information 
obtained  during  this  study  would  be  useful  when  a  vector  species  is 
eventually  identified.  However,  to  date  none  of  the  sylvatic 
species  have  been  shown  to  be  involved  in  ORO  virus  transmission. 

The  sentinel  hamster  program  resulted  in  the  isolation  of  Kwatta 
virus  from  a  hamster  exposed  at  night  at  ground  level.  Kwatta 
virus  was  first  isolated  in  Surinam  from  a  Culex  mosquito  pool. 
Little  is  known  regarding  the  natural  history  of  the  virus.  The 
isolation  of  the  virus  here  from  the  sentinel  hamster  tends  to 
support  a  theory  of  vector-host  transmission. 

Collection  data  in  Tables  14,  15  and  16  demonstrate  that  the 


mosquito  fauna  represents  the  largest  number  of  sylvatic 
hematophagous  insects  in  these  areas.  Within  this  group,  the 
number  of  Culicinae  collected  were  superior  to  those  of  the 
Anophelinae  fauna.  This  was  representative  of  the  environment. 
Ecologically,  in  areas  1  and  2,  the  primary  breeding  sites  for 
Culicinae  species  were  temporary  rain  water  habitats:  rain  pools, 
tree  holes,  fruit  pod  containers,  etc.  Breeding  habitats  for 
Anopheles  were  primarily  confined  to  near  the  river,  which  was 
relatively  fast  flowing  and  had  few  aquatic  plants,  and 
consequently  rather  unfavorable  for  Anopheles. 

The  collections  of  Culicines  at  area  3  were  notably  higher  than  the 
number  recorded  for  areas  1  and  2.  This  can  be  attributed  to  the 
large  number  of  Culicinae  mosquitoes  breeding  in  the  near  by  river 
habitat.  The  river  near  this  site  expands  into  a  cove  which  has 
numerous  aquatic  plants  covering  most  of  the  water  surface.  This 
type  of  habitat  is  quite  favorable  for  the  mosquito  species  of 
Mansonia  and  Coquillettidia,  which  were  the  dominate  genera 
collected  in  this  area. 


Table  12.  Prel  minary  list  of  mosquito  species  collected  by  multiple 
collecting  methods  in  forest  areas  of  Curua-Una,  Para, 


Brazil,  1977.1978. 

Aedeoiayia  squamipennis 
Aedcs  (fin.)  argyrothorax 
Aedes  (How. )  fluvithorax 
Aede's  (Pin. )  fluviatilis 
Aedes  (Och. )  fulvus 
Aedes  (Och. )  serratus 
Aedes  (How. )  septemstriatus 
Anophel es  (Ano. )  mattogrossensis 
Anopheles  (Ano. )  niediopunctatus 
Anopheles  (Nys. )  albitarsis 
Anophples  (Nys. )  nuneztovari 
Anopheles  (Nys. )  oswaldoi 
Anopheles  (Nys. )  trianiHilatus 
Culex  sp  B  21 
Culex  (Cux. )  corniger 
Culex  (Cux. )  coronator 
Culex  (Cux.)  declarator 
C^lex  (Mjef. )  vomer i  for 
Culex  (Mel . )  yomerifcr  complex 
CqquJ^l  1  ettidia  nigr Ka n^s 
Coqui 1 lettidia  venezueicnsis 
Mansonia  ( Man . )  t  U i  IJajij 
Mansonia  (Ma^. )  pseiidotitillans 
Mansonia  (Man. )  amazonensis 
Orthooodomyia  fascioes 


Psorophora  (Jan. )  albipes 
Psorophora  (Jan. )  ferox 
Limatus  dtirhamii 
Limatus  f lavisetosus 
Limatus  pscudomethysticus 
Sa^ethes  (Sab.)  j^ljiarjqf 
Sabethes  (Sab. )  c^sn^us 
Sabethes  (Sab. )  shannon 
Sabethes  (Sab. )  tarsapus 
Sabethes  (Sab. )  glaucodaemon 
Sabethes  (Sab. )  chloroptcrus 
Trichoprosopon  ( T re . )  digitatum 
Uranotacnia  geometrica 
Uranotaenia  lowii 
Uranotaenia  pulcherrimus 
Uranotaenia  calosomata 
Wyeomyia  (Den.)  aporonoma 
Anopheles  (Nys. )  sp. 

Culex  spp. 

Culex  (Cm'ojijja)  sp. 

Culex  (Mel . )  sp. 

Haemagogus  spp 
Psorophora  spp. 
llranqtaen^i  spp. 

I imatus  spp. 


TABLE  13.  Summary  of  the  sentinel  hamster  surveillance  program 
monitoring  virus  activity  in  the  Curua-Una  forest  study  areas. 
Para,  Brazil,  1978. 


Month 

Location  of  sentinel 

animal 

-  forest 

level 

Ground 

Canopy 

Day 

Night 

Day 

Night 

November 

14* 

13** 

2 

2 

December 

6 

6 

2 

2 

January 

8 

8 

2 

2 

February 

4 

4 

2 

2 

*  Kwatta  virus  was  isolated  from  one  sentinel  hamster. 

**  Number  of  sentinel  animals  monitored  for  6  day  exposure. 


b.  Vertebrate  host  serology 


OBJECTIVE:  Objectives  of  the  program  are  to  determine  which 
species  of  mammals  and  birds  may  serve  as  a  reservoir  to  Oropouche 
(ORO)  virus  in  a  sylvatic  environment,  and  to  elucidate  their  role 
in  the  disease  cycle.  Habitat  preferences,  breeding  cycles,  and 
annual  population  fluctuations  of  incriminated  species  will  also  be 
documented. 

BACKGROUND:  Antibody  to  ORO  virus  has  been  found  in  sera  of 
various  mammals  and  birds.  The  only  recorded  isolation  from  a 
non-human  vertebrate  was  from  a  three- toed  sloth  (Bradypus 
variegatus)  collected  150  km  southeast  of  Belem.  As  part  of  the 
general  sTudy  of  the  ecology  of  ORO  virus,  mammals  and  birds  were 
collected  by  trapping,  hunting  and  mist-netting  from  15  June  1977 
through  10  February  1978  in  the  Curua-Una  study  area. 

DESCRIPTION:  The  Curua-Una  study  site  is  located  4A  km  south  and 
40  km  west  of  Santarem,  Para  at  the  Curua-Una  Hydroelectric  Plant 
(latitude  2O50'S,  longitude  54022'W).  Maiwnals  and  birds  were 
collected  in  the  forest  on  both  sides  of  the  Curua-Una  River  which 
flows  from  west  to  east  and  is  approximately  100  m  wide.  The 
general  topography  of  the  area  ranged  from  flatland  to  steep 
slopes.  The  river  below  the  hydroelectric  plant  is  47  m  above  sea 
level  and  the  hills  rise  to  approximately  100  m.  The  forest  is 
classified  as  a  tropical  semi -evergreen  seasonal  forest  (Beard, 
1944).  The  soil  ranges  from  a  reddish-brown  sandy  clay  to  clay- 
sand.  The  Ai  horizon  (humus  layer)  varies  from  1  to  2  cm  in 
thickness  and  contains  many  fine  hair- like  roots.  The  Ag  horizon 
(litter  layer)  is  from  4  to  7  cm  thick  and  composed  of  fallen 
leaves  and  twigs.  Moss  cover  on  fallen  trees  and  exposed  rocks  is 
common.  A  shrub  layer  of  thin  woody  plants,  0.5  to  3  m  tall  is 
fairly  thick,  but  it  is  not  necessary  to  cut  a  trail  to  walk 
through  the  forest.  Small  trees  and  palms,  to  10  m  in  height  make 
up  an  open  canopy,  larger  trees,  from  15  to  20  m  tall  with  slim 
trunks,  are  common,  and  the  emergents  to  30  m  in  height  are 
scattered  throughout.  Small  scattered  thickets  of  thin  stenried 
bamboo  arc  also  present.  Epiphytes  are  not  common,  but  small  vines 
and  lianas  are  plentiful.  Some  of  the  smaller  trees  have  stilled 
roots,  and  buttressing  is  evident  on  a  few  of  the  emergents. 

Small  mammals  were  collected  in  National  live  traps  (150xl50x485niii) 
and  Rinker  live  traps  (80x80x255  mm)  which  were  set  at  10  m 
intervals  along  established  trails  in  the  forest.  The  traps  were 
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left  In  place  until  trapping  success  began  to  diminish,  usually 
within  2  to  4  weeks.  The  Rinker  traps  were  also  placed  in  trees  to 
collected  arboreal  rodents  and  marsupials. 

The  traps  were  placed  in  the  forest  described  above.  Trapping 
sites  1,  2,  3  and  4  (Figure  11)  was  in  a  flat  upland  forest.  Sites 
5  and  6  were  in  an  upland  forest  with  gradual  slopes.  Sites  7  and 
8  were  in  a  forest  with  steep  slopes,  and  sites  9  and  10  were  in  an 
upland  hillside  forest. 

The  traps  were  baited  with  corn  and  bananas,  and  checked  early  in 
the  morning  to  reduce  the  number  of  animals  dying.  Larger  animals, 
monkeys,  sloths,  anteaters,  etc  were  hunted.  Hunting  was  conducted 
both  during  the  night  and  during  the  day. 

Bats  were  collected  in  mist  nets,  12  m  long  and  2.6  m  in  height, 
which  were  usually  set  across  natural  flyways  through  the  forest, 
such  as  trails  and  narrow  roads  (Figure  11).  Two  mist  nets, 
numbers  17  and  18,  were  set  in  a  park-like  area  along  the  river. 

The  nets  were  normally  tended  from  dusk  until  22:00  hrs.  Nets  were 
not  opened  while  the  moon  was  shining  brightly. 

The  mist  nets  were  also  set  in  continuous  lines  cut  through  the 
forest  to  capture  birds  (Figure  11).  The  trail,  although  kept  as 
narrow  as  possible,  was  wide  enough  to  allow  passage  on  both  sides 
of  the  nets.  From  30  to  40  mist  nets  were  opened  before  dawn  and 
usually  tended  until  11:00  hrs. 

The  captured  mammals  and  birds  were  transferred  from  the  traps  and 
nets  to  bags  and  taken  to  the  field  laboratory  for  processing. 

Each  animal  was  given  a  collection  number  at  the  field  laboratory 
and  all  specimens  taken  from  it,  whole  blood,  sera,  ectoparasites, 
endoparasites,  viscera,  etc,  were  given  the  same  number.  After 
processing  in  the  field  lab,  all  laboratory  specimens  were 
preserved  and  shipped  to  the  base  laboratory  in  Belem.  Each 
animal  specimen  was  preserved  either  as  skin  and  skull,  skull  only, 
or  in  formalin  and  shipped  to  Belem  for  tentative  identification, 
and  later  to  taxonomists  specializing  in  South  American  animals  to 
confirm  the  identification.  All  information  was  recorded  on  field 
forms  which  were  described  in  the  1975  Annual  Report.  A  more 
detailed  description  of  the  methods  of  processing  the  specimens  is 
in  the  1976-1977  Annual  Report. 

Bird  and  mammal  sera  were  tested  in  the  Belem  laboratory  for 
antibody  to  viruses  by  the  hemagglutination  inhibition  (HI)  tests. 
Samples  of  whole  blood  and  viscera  were  tested  for  virus  by 
intracerebral  inoculation  into  suckling  mice. 

PROGRESS:  From  15  June  1977  through  9  February  1978  1,032  mammals 
representing  62  species,  and  777  birds  of  26  families  were 
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collected.  Three  viruses,  Urucuri,  Flexal  and  Kwatta,  were 
Isolated  from  these  animals.  Antibody  to  ORO,  Mayaro  and  other 
viruses  was  found  among  these  sera  as  well. 

Flexal  virus  was  isolated  from  two  species  of  arboreal  rodents. 
Seventeen  percent  (2/12)  of  the  Oryzomys  bicolor  and  25%  (2/8)  of 
the  0.  concolor  bloods  or  viscera  tested  had  Flexal  virus. 

Urucuri  virus  was  isolated  from  0.62%  (1/162)  of  the  spiny  rats, 
Proechin\ys  longicaudatus  (Table  17).  Of  the  321  Formacariidae 
tested,  Kwatta  virus  was  isolated  from  one  scale-backed  antbird, 
Hylophylax  poecilonota  (Table  18). 

The  sera  from  824  mammals  were  tested  by  HI  tests  and  three  sera, 
two  monkey  sera  and  one  rodent  sera,  contained  antibody  to  ORO 
virus  while  11  sera,  one  marsupial  serum,  six  bat  sera  and  5  monkey 
sera,  were  positive  for  Mayaro  virus  (Table  19).  Of  the  624  bird 
sera  treated  with  protamine  to  nullify  the  influence  of  heparin  and 
tested  by  HI  tests,  42  sera,  three  Dendrocolaptidae  sera,  35 
Formacariidae  sera  and  four  Troglodytidae  sera,  had  antibody  to  ORO 
virus,  while  15  sera,  one  Dendrocolaptidae  serum,  12  Formicariidae 
sera  and  two  Troglodytidae  sera,  contained  antibodies  to  Mayaro 
virus  (Table  18). 

During  the  109  nights  of  trapping,  348  marsupials  and  rodents  were 
collected.  The  spiny  rat  (Proechimys  longicaudatus)  was  the  most 
commonly  trapped  mammal  (Table  20).  The  trapping  success  of  the 
sites  north  of  the  river  was  considerably  higher  than  those  south 
of  the  river.  This  may  have  been  due  to  the  northern  sites  being 
farther  from  the  hydroelectric  plant  and  the  forest  less  disturbed. 
Mist  nets  were  tended  for  63  nights,  and  639  bats  were  collected 
(Table  21).  Carol  la  brevicaudata,  a  fruit  eating  bat,  was  the  most 
common  bat  collected,  forty- three  mammals,  monkeys,  sloths, 
anteaters,  etc,  were  collected  by  hunting  or  by  hand. 

The  bird  nets  were  opened  for  59  mornings,  and  collected  777 
specimens.  The  members  of  the  antbird  family,  Formicariidae,  were 
the  most  commonly  captured  (Table  22).  The  woodpeckers, 
Dendrocolaptidae,  although  half  as  common  as  the  antbirds,  were 
caught  three  times  more  often  than  any  of  the  remaining  families. 
Bird  collecting  site  B,  located  north  of  the  river,  produced  almost 
twice  the  amount  of  birds  per  morning  trapped  as  either  of  the 
two  sites  south  of  the  river. 

COMMENT:  Primates,  although  not  common  in  the  Curua-Una  area,  had 
the  highest  rates  of  antibody  to  both  ORO  virus  and  Mayaro  virus. 

The  two  larger  species  of  monkeys,  Callicebus  torquatus  and 
Alouatta  belzebuth,  had  a  higher  percent  of  individuals  with 
antibody  than  did  the  marmoset,  Callithrix  argentata.  Very  little 
is  known  about  the  longivity  of  this  marmoset  in  the  wild. 

Although  one  individual  has  been  reported  to  have  lived  for  16 
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TABLE  17.  Viruses  isolated  from  mammals  collected  in  the  Curui- 
Una  study  area,  Par4,  Brazil  15  June  1977  through  9  February  1978. 


Species 


Total  Blood 
collected  pos/tested 


Marsupialia 

Monodelphis  brevicaudata 

Marmosa  cinerea 

M.  muiTna 

M.  pa rv^ dens 

Metachi rus  nudicaudatus 

Dide1phis~iTiarsupialis 

Chiroptera 

Saccopteryx  leptura 
Peropteryx  macrotis 
Pteronotus  parnellii 
P.  personatus 
Tonatia  bidens 
T.  braTiliensis 
T.  silvicola 
Phyllostomus  discolor 
P.  elonqatus 
P.  hastatus 
P.  latifol ius 
Trachops  cirrhosus 
Glossophaga  soricina 
LionycterTs  obscura 
L.  spurreTTiT 
Lonchophylla  thomasi 
Carol  na  brevicauda 
C.  casTanea 
Rhinophylla  fischerae 

R.  pumilio 
Jturnira  1  ilium 

S.  tiTdae 

Uroderma  bilobatum 
Vampyrops  hell'^T 
Vampyressa  bidens 
Artibeus  cinereus 
A.  con^lor 
5.  fuliginosus 
A.  jamaicensis 
AT  i teratus~ 

A.  sp. 

Ametrida  centurio 


10 

0/10 

6 

0/5 

3 

0/2 

3 

- 

22 

0/21 

21 

0/20 

1 

. 

2 

0/1 

18 

0/15 

2 

0/1 

2 

0/2 

3 

0/2 

2 

0/2 

13 

0/11 

5 

0/4 

2 

0/2 

1 

0/1 

3 

0/2 

12 

0/8 

1 

- 

3 

0/2 

5 

0/3 

360 

0/338 

1 

0/1 

19 

0/13 

3 

0/3 

76 

0/73 

17 

0/15 

4 

0/3 

8 

0/8 

9 

0/8 

15 

0/11 

1 

0/1 

7 

0/6 

2 

0/2 

24 

0/24 

10 

0/9 

3 

0/1 

Viscera 

pos/tested 


0/10 

0/6 

0/3 

0/3 

0/22 

0/21 


0/1 

0/2 

0/17 

0/2 

0/2 

0/3 

0/2 

0/13 

0/5 

0/2 

0/1 

0/3 

0/12 

0/1 

0/3 

0/5 

0/359 

0/1 

0/18 

0/3 

0/76 

0/17 

0/4 

0/8 

0/9 

0/15 

0/1 

0/7 

0/2 

0/24 

0/10 

0/3 


TABLE  17.  Viruses  isolated  from  mammals  collected  in  the  Curua- 
Una  study  area,  Pari,  Brazil,  15  June  1977  through  9  February  1978 
-  Cont. 


Species 

Total 

collected 

Blood 

pos/tested 

Viscera 

pos/tested 

Desmodus  rotundus 

8 

0/8 

0/8 

Eptiscus  brasiliensis 

2 

- 

0/2 

toIossus  sp. 

2 

0/1 

0/2 

Primates 

Callicebus  torquatus 

1 

0/1 

0/1 

Alouatta  belzebul 

5 

0/4 

0/5 

Callithrix  arqentata 

8 

0/5 

0/7 

Edentata 

Tamandua  tetradactyla 

3 

0/2 

0/2 

Bradypus  varieqatus 

3 

0/3 

0/3 

Choloepus  didactylus 

1 

0/1 

0/1 

Dasypus  novemcinctus 

3 

0/2 

0/3 

Rodentia 

Sciurus  qilviqularis 

3 

0/3 

0/3 

Oryzomys  bicolor 

12 

0/12 

2/12* 

().  capito 

38 

0/37 

0/38 

b.  concolor 

9 

1/7* 

1/8* 

Rhypidomys 

1 

- 

0/1 

Rattus  rattus 

1 

0/1 

Agouti  paca 

1 

0/1 

2 

0/2 

Proechimys  quyannenis 

48 

0/48 

0/48 

P.  lonqicaudatus 

172 

1/161+ 

Mesomys  hispidus 

Dactyl omys  dactyl i nus 

4 

0/4 

1 

0/1 

0/1 

Carnivora 

Nasua  Nasua 

5 

0/1 

0/5 

Felis  wiedii 

1 

0/1 

0/1 

TOTAL 

1,032 

937 

1,014 

TABLE  18.  Distribution  of  hemagglutination  inhibiting  antibody  to 
Oropouche  and  Mayaro  viruses  in  birds  collected  in  the  Curud-Una 
study  area,  Pard,  Brazil,  15  June  1977  through  9  February  1978. 


Family 

Oropouche 

pos/tested 

Maya  ro 
pos/tested 

Isolation/ 

tested 

Tinamidae 

0/1 

0/1 

0/1 

Accipitridae 

0/1 

0/1 

0/1 

Falconidae 

0/1 

0/1 

0/3 

Columbidae 

0/5 

0/5 

0/8 

Cuculidae 

0/2 

0/2 

0/2 

Caprimulgidae 

- 

- 

0/3 

Trochil idae 

0/3 

0/3 

0/5 

Trogonidae 

a'7 

0/7 

0/8 

Alcedinidae 

0/1 

0/1 

0/1 

Momotidae 

0/5 

0/5 

0/5 

Galbalidae 

0/5 

0/5 

0/5 

Bucconidae 

0/18 

0/18 

0/23 

Picidae 

0/8 

0/8 

0/8 

Dendrocclaptidae 

3/130 

1/130 

0/159 

Furnariidae 

0/22 

0/22 

0/23 

Formacariidae 

35/259 

12/259 

1^321 

Conopophadidae 

0/1 

0/1 

0/1 

Cotingidae 

0/12 

0/12 

0/14 

Pipridae 

0/41 

0/41 

0/48 

Tyrannidae 

0/38 

0/38 

0/54 

Troglodytidae 

4/45 

2/45 

0/52 

Turdidae 

0/2 

0/2 

0/3 

Syl vi idae 

0/1 

0/1 

0/1 

Coerebidae 

- 

- 

0/1 

Thraupidae 

0/6 

0/6 

0/7 

Fringill idae 

0/10 

0/10 

0/18 

TOTAL 

42/624 

15/624 

1V775 

*  Kwatta  virus 


TABLE  19.  Results  of  hemagglutination  inhibition  (HI)  tests  for 
antibody  to  Oropouche  and  Mayaro  viruses  among  mammals  collected 
from  the  Curu4-Una  study  area.  Pari,  Brazil,  15  June  1977  through 
9  February  1978. 


Species 


Oropouche  Mayaro 

pos/no.  tested  pos/no.  tested 


Marsupialia 

Monodelphis  brevicaudate 
Marmosa  cinerea 
M.  murina 

Metachi rus  nudicaudatus 
Didelphis  marsupial  is 

Chiroptera 

Peropteryx  macrotis 
Pteronotus  parnell ii 
Tonatia  bidens 
T.  sjlvicola 
PhyTlostomus  discolor 
P.  elongatus 
hastatus 

Glossophaqa  soricina 
Lionycter^  spurrel  1  i 
Lonchophylla  thomasi 
Carol lia  brevicauda 
C.  castanea 
Rhinophylla  fischerae 

R.  pumilio 
Sturnira  1 i 1 i urn 

S.  tiTd?e 

Uroderma  bilobatum 
Vampyrops  hel leri 
Vampyressa  bidens 
Artibeus  cinereus 
A.  concolor 
A.  ful i^inosus 
jamaicenviT 
A.  literatus 
A.  sp. 

Desmodus  rotundus 
Molossus  sp. 

Primates 

Cal  1 icebus  torquatus 


0/9 

1/9 

0/6 

0/6 

0/1 

0/1 

0/22 

0/22 

0/20 

0/20 

0/1 

0/1 

0/3 

0/3 

0/1 

0/1 

0/3 

0/3 

0/9 

0/9 

0/3 

0/3 

0/2 

0/2 

0/5 

0/5 

0/1 

0/1 

0/2 

0/2 

0/295 

5/295 

0/1 

0/1 

0/4 

0/4 

0/1 

0/1 

0/69 

0/69 

0/14 

0/14 

0/3 

0/3 

0/5 

0/5 

0/5 

0/5 

0/6 

0/6 

0/1 

0/1 

0/6 

0/6 

0/2 

0/2 

0/24 

0/24 

0/5 

0/5 

0/7 

0/7 

0/1 

0/1 

1/1 

1/1 

I  2\)\) 


TABLE  19.  Results  of  hemagglutination  inhibition  (HI)  tests  for 
antibody  to  Oropouche  and  Mayaro  viruses  among  mammals  collected 
from  the  CuruA-Una  study  area,  ParA,  Brazil,  15  June  1977  through 
9  February  1978.  -  Cont. 


Species 

Oropouche 

Mayaro 

pos/no.  tested 

pos/no.  tested 

Alouatta  belzebul 

1/4 

3/4 

Callithrix  arqentata 

0/5 

1/5 

Edentata 

Tamandua  tetradactyla 

0/3 

0/3 

Bradypus  varieqatus 

0/3 

0/3 

Choloepus  di dactyl  us 

0/1 

0/1 

Dasypus  novencinctus 

0/2 

0/2 

Rodentia 

Sciurus  qilviqularis 

0/3 

0/3 

Oryzomys  bicolor 

0/6 

0/6 

0.  capito 

0.  concolor 

0/37 

0/4 

0/37 

0/4 

Rattus  rattus 

0/1 

0/1 

Aqouti  paca 

0/1 

0/1 

Dasyprocta  prymnolopha 

1/2 

0/2 

Proechimys  quyannensis 

0/43 

0/43 

P.  longicaudatus 

0/165 

0/165 

Mesornys  hispidus 

0/3 

0/3 

Carnivora 

Nasua  nasua 

0/2 

0/2 

Felis  wiedii 

0/1 

0/1 

TOTAL 

3/824 

3/824 

TABLE  20.  Manwals  collected  by  trapping  in  the  CuruA-Una  study 
area,  ParA,  Brazil,  15  June  1977  through  9  February  1978. 


Species 

Number  collected  per  trapping  site 

1  -  4 

5  - 

6  7  - 

8  9  -  10 

Total 

Marsupial i a 

21 

6 

1 

34 

62 

Monodelphis  brevicaudata 

2 

- 

- 

8 

10 

Marmosa  cinerea 

3 

• 

• 

3 

6 

M.  murina 

1 

• 

• 

1 

2 

S.  parvidens 

- 

1 

- 

1 

2 

Netachirus  nudicaudatus 

7 

• 

1 

14 

22 

Dedelphis  marsupial is 

8 

5 

- 

7 

20 

Rodentia 

111 

6 

1 

168 

286 

Sciurus  gilvigularis 
Oryzomys  bicoTor 

0.  cap! to 

- 

• 

• 

2 

2 

11 

7 

- 

1 

1 

29 

12 

37 

6.  concolor 

8 

• 

• 

1 

9 

l^hypidomys 

1 

- 

- 

- 

1 

Rattus  rattus 

• 

- 

- 

1 

1 

Proechitnys  quyanensis 

28 

1 

- 

19 

48 

P.  longicaudatus 

53 

5 

- 

114 

172 

Mesonws  hlspidus 

3 

• 

• 

1 

4 

TOTAL 

132 

12 

2 

202 

348 

Nights  trapped 

37 

11 

7 

54 

109 

Trap  nights 

6,135  2. 

024 

1,200 

9,870 

19,229 

Mannals/lOOO  trapnites 

21.5 

5.9 

1.7 

20.5 

18.1 

TABLE  21.  Bats  collected  in  mist  nets  in  the  CuruA-Una  study  area, 
ParA,  Brazil,  15  June  1977  through  9  February  1978. 


Species 


Saccopteryx  leptura 
Peropteryx  macrot 1 s 
Pteronotus  parnellll 
P.  persona ta 
Tonatia  bldens 
T.  braslllensis 
TT  sjlvicola 
Phyllostomus  discolor 
P.  elonqatus 
P.  has^tus 
P.  latlfol lus 
Trachops  cfrrhosus 
Glossophaga  sorlFTna 
Llonycter^  spurrell  i 
Loncnophylla  thomasi 
CarollU  brevicauda 
C.  castanea 
^hlnophylla  fischerae 

R.  puinlll^ 

Stumira  1 1lium 

S.  Hldae 

IJrodentia  bllobatum 
Vampyrops  hellerP 
Vampyressa  bldens 
Artibeus  cinereus 
A.  concdlor 
Ji.  fullqlnosus 
jamaicenyTs 
5.  Mteratus 
A.  sp. 

Ametrlda  centurlo 
Desmodus  rotundus 
Eptesicus  brasll 1 ens i s 


Number  collected  per  traf 


1-6  7-14  15-18  19-21  Total 


Total 

81 

317 

139 

102 

639 

Nights  netted 

16 

22 

12 

13 

63 

Net  hours 

234 

378 

194 

130.5 

936. 

Bats/net  hour 

0.34 

0.84 

0.72 

0.78 

0.68 

I  '  1  *  * 


TABLE  22.  Birds  collected  in  the  CuruA-Una  study  area,  ParA, 
Brazil,  15  June  1977  through  9  February  1978. 


Family 

Site  A 

Site  B 

Site  C 

Total 

Tinami dae 

1 

1 

Accipitrldae 

- 

1 

• 

1 

Falconidae 

• 

2 

1 

3 

Columbldae 

5 

.. 

3 

8 

,  Cuculldae 

- 

2 

2 

Caprimulgidae 

2 

1 

• 

3 

Trochllldae 

2 

2 

1 

5 

Trogonidae  , 

1 

4 

3 

8 

Alcedinidae 

1 

- 

« 

1 

Momotidae 

- 

2 

3 

5 

Galballdae 

2 

1 

2 

5 

Bucconidae 

14 

6 

3 

23 

Picldae 

2 

5 

1 

8 

Dendrocolaptidae 

30 

92 

38 

160 

Furnarlldae 

10 

9 

4 

23 

Fonnacarlldae 

119 

129 

74 

322 

Conopophadidae 

- 

1 

- 

1 

Cotingidae 

6 

7 

1 

14 

Pipridae 

28 

10 

10 

48 

Tyrannidae 

17 

21 

16 

54 

Troglodytidae 

9 

32 

11 

52 

Turdidae 

- 

1 

2 

3 

Sllvlldae 

1 

1 

Coerebldae 

1 

1 

Thraupidae 

1 

6 

7 

Fringlllldae 

1 

8 

9 

18 

TOTAL 

251 

338 

188 

777 

Mornings  netted 

23 

18 

18 

59 

Birds/morning 

10.9 

18.8 

10.4 

13.2 

m 


U 


!! 


! 


years  In  captivity,  its  normal  life  span  may  be  much  less.  The 
larger  monkey  species  may  live  considerably  longer  in  the  wild  then 
the  marmosets,  thus  the  probability  of  being  exposed  to  a  virus 
during  its  lifetime  would  be  greater. 

The  members  of  the  antbird  family  (Forraicariidae)  were  the  most 
common  birds  collected,  and  had  the  highest  antibody  rate  to  both 
ORO  virus  and  Mayaro  virus  of  all  birds  collected.  Although  this 
is  a  very  difficult  group  of  birds  to  keep  in  captivity, 
experimental  inoculation  with  ORO  virus  and  Mayaro  virus  to 
determine  if  they  can  circulate  the  viruses  at  a  sufficient  titer 
to  infect  insects  feeding  on  them  are  warranted,  and  initial 
attempts  to  do  this  are  reported  in  a  following  section  of  thi« 
report. 

Although  the  forest  vegetation  north  of  the  river  appears  very 
similar  to  that  south  of  the  river,  the  mammal  and  bird  collecting 
results  indicate  the  density  of  the  animals  is  higher  in  the 
northern  sites.  The  hydroelectric  plant  was  completed  in  1977  and 
many  construction  workers  spent  their  free  hours  hunting  in  the 
surrounding  forest.  The  forest  south  of  the  river  was  the  most 
accessible  and  consequently  the  most  heavily  disturbed. 
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2.  The  Cachoeira  Porteira  study 
a.  Potential  Insect  vectors. 

OBJECTIVE:  The  objective  of  the  program  of  study  In  Cachoeira 
Porteira  Is  to  Investigate  the  ecology  of  arboviruses  In  an 
undisturbed  tropical  forest.  This  section  deals  with  entomological 
Investigations  made  near  Cachoeira  Porteira,  Para,  Brazil,  with  the 
specific  objective  of  presenting  a  checklist  of  potential  Insect 
vectors  found  there. 

BACKGROUND:  When  construction  of  the  Transamazon  Highway  south  of 
the  Amazon  River  was  Initiated,  a  sister  plan  was  also  under 
consideration.  This  plan  called  for  the  development  of  a  second 
highway  parallel  to  the  Amazon  River,  but  to  the  north.  As  part  of 
this  plan,  a  base  camp  was  established  at  Cachoeira  Porteira  on  the 
eastern  bank  of  the  Trombetas  River.  This  camp  served  to  house 
workwork  crews,  professional  staff,  and  equipment  used  In  the 
construction  of  the  highway. 

From  this  base  camp  an  access  road  was  constructed.  This  road 
passes  almost  due  north  from  Cachoeira  Porteira  for  more  than  100 
km,  and  cuts  through  some  of  the  least  disturbed  tropical  forest  of 
the  world.  No  one  lived  in  this  area  when  this  road  was 
constructed. 

Shortly  after  completion  of  the  access  road,  the  entire  northern 
highway  program  was  abandoned.  As  a  result,  this  area  has  remained 
almost  unspoiled,  yet  relatively  easy  access  to  this  undisturbed 
tropical  forests  is  available.  Even  now,  almost  no  human 
activity  Is  evident  In  this  area. 

The  base  camp  has  been  leased  by  Andrade  Gutierrez,  a  firm  which  is 
developing  a  large  bauxite  deposite  south  of  Cachoeira  Porteira, 
also  on  the  Trombetas  River.  They  now  use  the  camp  as  permanent 
housing  for  the  professional  staff  of  the  mine.  The  road  is 
maintained  by  the  Brazilian  government  and  occasionally  the 
military  conducts  training  exercises  along  it.  No  plans  have  been 
made  public  to  renew  construction  of  the  highway. 

DESCRIPTION:  Collections  have  been  made  at  various  sites  along  the 
access  road.  Generally  field  teams  construct  a  camp  along  the 
highway,  then  collect  maninals,  birds  and  Insects  from  several 
localities  within  a  2  or  3  km  radius  from  the  camp.  Collections 
are  usually  conducted  for  approximately  15  consecutive  days  during 
each  trip,  and  trips  are  usually  made  about  3  times  per  year. 


Habitats  vary  considerably  along  the  highway  and  It  would  not  be 
practical  to  provide  a  detailed  description  of  collection  sites 
here.  General  characteristics  of  the  area  are  predominated  by  the 
near  total  absence  of  human  activity.  Aside  from  the  effects  of 
road  construction  itself,  little  else  has  been  disturbed.  One 
result  of  road  building  has  been  to  slow  or  stop  the  flow  of  some 
small  streams,  which  has  caused  the  formation  of  several  small 
Impoundments  of  water.  These  Impoundments  flood  low- lying  areas 
and  kill  the  vegetation  there,  resulting  In  Ideal  breeding  sites 
for  certain  species  of  mosquitoes,  especially  some  Anopheles. 

Little  or  no  logging  has  taken  place  along  the  highway,  consequently 
the  forest  Is  taller  than  that  seen  In  most  other  areas,  and  the 
canopies  are  more  distinct.  Aside  from  immediately  adjacent  to  the 
road,  few  indicators  of  secondary  growth  such  as  Cecropla  are 
evident  In  the  area. 

Insect  collections  are  conducted  nightly  using  man-biting 
collections,  suction  traps  and  Shannon  traps. 

PROGRESS:  Table  23  presents  a  summary  of  the  number  and  species  of 
potential  Insect  vectors  collected  during  trips  made  In  September 
and  November- December,  1976  to  Cachoeira  Portelra.  Clearly  the 
vast  majority  of  Insects  collected  were  mosquitoes  of  the  genus 
Culex.  Relatively  few  canopy  species  are  represented  In  these 
collections,  most  likely  because  no  attempt  was  made  to  actively 
sample  this  habitat.  Consequently,  those  canopy  species  presented 
here  represents  the  few  individuals  which  were  caught  the  forest 
floor  while  collections  were  being  made.  Likewise,  diurnal  species 
are  also  under  represented. 

The  absence  of  Culicoides  and  significant  numbers  of  Phlebotomus 
from  this  check  list  probably  also  represents  a  failure  on  the  part 
of  the  collectors  to  actively  seek  these  groups,  rather  than  their 
true  absence  from  this  area. 


I  i 


TABLE  23.  Summary  of  numbers  and  species  of  potential  insect 
vectors  collected  from  Cachoeira  Porteira,  municipality  of 
Oriximina,  Para,  Brazil,  1976. 


Species 


Data  and  number  collected 


September  Nov- Dec 


Aedes  hortato 
Aedes  serratus 
Coqui 1 lettidia  sp. 
Coquillettidia  albicosta 
Cutex  sppT 
Culex  sp.  B  1 
CuTex  sp.  B  8 
Culex  sp.  B  17 
Culex  sp.  B  26 
Culex  (Aedinus)  sp. 

Culex  (Culex)  sp. 

Culex  corona tor 
Culex  declarator 
Culex  (Lut.)  bfgoti 
Culex  (Melanoconion)  sp. 
Culex  ^Mel)  portesi 
Culex  (HeT. )  spissipes 
Culex  (Mel . )  taeni opus' 

Culex  (Hel . )  vCTnerifer 
Culex  (Hicroculex)  sp. 
Haemagogus  spp. 

Urano taenia  calosomata 
Uranotaenia  lowii 
Uranotaenia  leucoptera 
Uranotaenia  geometric 
Limatus  fTavisetosus 
Limatus  paraensis 
Limatus  pseudomethysticus 
Phoniotnyia  spp. 

Sabethes  (Sab.)  amazonicus 
Sabethes  (Sab. )  belizarioT 
Sabethes  (Sab. )  quasi cyaneus 
Sabethes  (Sab . )  cyaneus 
Sabethes  (SaF. )  tarsopus 
Sabethes  (Sab. )  chlor^terus 
Sabethes  (Sab. )  glaucodaemon 
Trichoprosopon  digitatum 
Wyeoniyia  spp. 

Vlyeomyia  aporonoma 


1 

5 
1 

3 

124 

8 

6 
1 

23 

4 
9 
2 

12 

1 

9931 

1 

5 

5 
2 
2 

50 

11 

10 

2 

18 

30 

10 

13 
1 

6 

14 
2 

21 

2 

14 

37 

1 

70 

2 


1 


895 

455 


25 

15 

79 

2627 

3 

1 


1 


57 

4 


1 

7 

4 


TABLE  23.  Suimary  of  numbers  and  species  of  potential  insect 
vectors  collected  from  Cachoeira  Porteira,  municipality  of 
Oriximina,  Para,  Brazil,  1976.  -  Cont. 


Species 

Data  and 

September 

number  collected 

Nov- Dec 

Anopheles  albimanus 

5 

Anopheles  benarrochi 

«. 

9 

Anopheles  intermedius 

2 

Anopheles  nunez-tovari 

47 

51 

Anopheles  oswaldoi 

7 

22 

Anopheles  triannulatus 

14 

3 

Ph'lebotonius  app. 

1 

1 

TOTAL 

10.531 

4.266 

U’l;) 


b.  Vertebrate  host  serology 

OBJECTIVES:  The  objective  of  this  section  is  to  define  through  a 
serological  survey  those  feral  vertebrate  hostswhich  have  been 
exposed  to  Oropouche  virus. 

BACKGROUND:  The  environs  and  program  of  study  at  Cachoeira 
Porteira  have  been  presented  elsewhere.  Briefly,  investigations  in 
this  area  attempt  to  study  the  ecology  of  arboviruses  in  a  habitat 
essentially  devoid  of  human  inhabitants. 

DESCRIPTIONS:  Three  separate  trips  to  Cachoeira  Porteira  were  made 
during  1977.  On  each  trip,  teams  were  away  from  Belim  a  maximum  of 
30  days,  and  usually  15  to  20  actual  collecting  days  were  managed 
within  this  period.  During  each  trip  birds,  mammals  and  insects 
were  collected. 

Birds  were  collected  using  Japanese  mist-nets  placed  along  cleared 
trails  in  the  forest.  All  nets  were  placed  at  ground  level,  and  no 
attempt  was  made  to  sample  birds  in  the  canopy.  Nets  were  opened 
before  sunrise,  and  were  closed  between  11a.m.  and  12  noon.  Nets 
were  checked  at  about  30  minutes  intervals,  and  captured  birds  were 
removed  and  taken  to  a  field  station  where  they  were  bled  from  the 
jugular  vein  using  a  heparinized  needle  and  syringe.  A  portion  of 
the  blood  taken  was  diluted  immediately  in  nutrient  media  and 
stored  in  liquid  nitrogen  until  processed  in  Belem.  The  remaining 
blood  was  allowed  to  clot  and  sera  was  saved  to  test  for  the 
presence  of  antibody.  Surviving  birds  were  leg  banded  and 
released. 

Matmals  were  trapped  or  shot.  Like  birds,  each  mammal  captured  was 
bled,  and  an  aliquot  stored  in  liquid  nitrogen  to  be  tested  for  the 
presence  of  virus,  and  the  remaining  blood  allowed  to  clot  and  the 
serum  saved  to  test  for  antibody.  Only  very  small  mammals  were 
bled  with  heparinized  syringes. 

Sera  were  tested  for  the  presence  of  antibody  by  the  standard 
hemagglutination  inhibition  (HI)  test,  as  described  by  Shope ' .  Sera 
were  treated  with  acetone,  then  tested  at  1:20  dilution  against  4 
hemagglutinating  units  of  different  viral  antigens.  Whenever  a 
serum  was  inhibited  at  the  1:20  dilution,  it  was  retested  at 
additional  dilutions  of  1:40  through  1:320.  The  strain  of 
Oropouche  (ORO)  virus  used  in  all  tests  was  Be  An  19991  from 
infected  hamster  sera. 


Most,  but  not  all,  sera  which  were  positive  by  HI  tests  were 
confirmed  by  neutralization  tests  conducted  in  microtiter  plates 
using  Vero  cells. 

At  one  point  during  the  study,  several  bird  sera  could  not  be 
confirmed  by  neutralization  tests.  Close  examination  of  the 
bleeding  techniques  used  by  the  field  personnel  revealed  that  they 
were  using  a  highly  concentrate  solution  of  heparin  to  moisten 
their  syringes.  To  avoid  the  possibility  of  non-specific 
inhibition  due  to  contaminant  heparin,  all  sera  were  treated  with 
protamine  prior  to  testing^, 

PROGRESS:  A  total  of  508  bird  sera  were  collected  during  three 
separate  trips  to  Cachoeira  Porteira  in  1977.  These  sera  represent 
25  separate  families  of  birds.  Formicariidae  birds  contributed  the 
largest  number  of  individuals,  with  194.  All  bird  sera  collected 
were  tested  by  HI  for  antibody  to  ORO  virus,  and  all  sera  were 
found  to  be  negative.  Table  24  presents  a  list  of  bird  sera 
collected  by  family  during  each  of  the  3  trips  made  to  Cachoeira 
Porteira  during  1977. 

A  total  of  273  mammal  sera  were  collected  during  the  3  trips  made 
in  1977.  Of  these,  74  represented  sera  from  5  different  species  of 
marsupials.  All  these  sera  were  negative  for  HI  antibody  to  ORO 
virus.  Rodents  contributed  133  sera  from  10  different  species,  and 
again,  all  sera  were  negative  for  HI  antibody  to  ORO  virus. 

Thirty-seven  sera  were  collected  from  primates  hunted  in  Cachoeira 
Porteira,  and  of  these,  10  (27%)  contained  HI  antibody  to  ORO 
virus.  All  positive  sera  were  confirmed  by  neutralization  tests. 
Positive  species  of  primates  included  Alouatta  seni cuius  (2  pos/5 
tested),  Ateles  paniscus  (2/3),  Cebus  apella  (3/l5),  and  Chiropotes 
satanas  (3/10).  ^f  the  remaining  mammals  tested,  6  carnivores,  l5 
ungulates  and  8  other,  all  lacked  HI  antibody  to  ORO  virus.  A 
summary  of  the  numbers  and  species  of  mamnals  tested  for  HI  antibody 
to  ORO  virus  is  presented  in  Table  25. 

COMMENT:  The  only  vertebrate  group  tested  which  had  HI  antibody  to 
ORO  virus  was  the  primates.  Among  the  primates  tested,  four  of  the 
six  species  collected  had  individuals  which  possessed  HI  antibody. 

It  appears  that  the  endemic  vector  of  ORO  virus  must  share  a 
habitat  utilized  by  primates,  most  likely  the  forest  canopy. 

Further  investigations  are  need  to  define  where  monkeys  are 
becoming  infected,  and  by  what  vector. 

The  very  promising  high  HI  antibody  prevalence  rates  to  ORO  virus 
among  Formicariidae  and  other  families  of  birds  previously  reported 
appears  now  to  be  artifactual.  With  the  protamine  treatment  of 
bird  sera,  all  sera  originally  positive  for  HI  antibody  to 
CRO  virus  were  uniformly  negative  on  retesting. 
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TABLE  24.  Families  and  numbers  of  birds  tested  for 
hemagglutination  inhibiting  (HI)  antibody  to  Oropouche  virus  from 
Cachoeira  Porteira,  km  71,  municipality  of  Oriximina,  Para,  Brazil, 
1977,  All  birds  lacked  HI  antibody  to  Oropouche  virus. 


Fami ly 

Date  and  number  sampled 

Total 

March- 

April 

July- 

August 

Nov- 

Dec 

Alcediridae 

2 

2 

Bucconidae 

- 

1 

3 

4 

Coerobidae 

- 

- 

1 

1 

Columbidae 

- 

1 

4 

5 

Conopophagidae 

2 

3 

- 

5 

Cotingidae 

- 

1 

2 

3 

Cracidae 

1 

- 

- 

1 

Dendrocolaptidae 

16 

21 

16 

53 

Falconidae 

- 

1 

1 

2 

Formicariidae 

78 

71 

45 

194 

Fringillidae 

1 

6 

2 

9 

Furnariidae 

9 

17 

12 

38 

Galbulidae 

1 

3 

- 

4 

Momotidae 

7 

3 

2 

12 

Parulidae 

3 

- 

2 

5 

Picidae 

2 

1 

- 

3 

Pipridae 

35 

20 

5 

60 

Ramphastidae 

1 

- 

- 

1 

Sylvilidae 

3 

- 

- 

3 

Thraupidae 

6 

- 

- 

6 

Tyrannidae 

12 

9 

13 

34 

Trochilidae 

1 

- 

- 

1 

Troglotididae 

3 

5 

6 

14 

Turdidae 

13 

20 

7 

40 

Vireonidae 

• 

1 

1 

TOTAL 

201 

186 

121 

501 

TABLE  25.  Distribution  of  hentagglutination  inhibiting  antibody  to 
Oropouthe  virus  anwng  mamnuils  capturrd  at  Cachoeira  Porteira,  km  71 
municipality  of  Oriximlna,  Para,  Brajil,  1977. 


Species 

March- 

.  Apr.i  1 

July- 

August 

Nov- 

Dec 

Total 

Marsupials 

Didelphis  marsupial  is 

0/2* 

0/b 

0/6 

0/14 

Marmosa  cinerea 

- 

0/1 

0/1 

ffTniurTna 

0/4 

0/3 

0/2 

0/9 

Honodelplhis  brevicaudata 
PKTTander  opo’ssum' 

0/4 

0/3 

0/10 

0/17 

0/9 

0/11 

0/13 

0/33 

TOTAl 

0/19 

0/23 

0/32 

0/74 

Rodents 

Agouti  paca 

PasyprocTa  a gut i 

T^'drochaer  i  s  ny  droi  ha  or  i  s 

- 

0/1 

0/5 

0/2 

0/1 

0/1 

0/7 

0/1 

F^procla  acoucTil 

Neacqn^s  spTnoVus 

Ni^cToojys  squaml'pes 

Oryzomys  BTcoTor 
rr.  caCTto 

0/2 

0/1 

0/3 

0/7 

0/1 

0/ 1 5 

0/1 

0/1 

0/1 

0/7 

0/3 

1/4 

0/9 

0/1 

0/22 

Proecninjys  gu^annensis 

5c  furus  g  i  1 V  i  q'uTa res 

0/J4 

0/1 

0/20 

0/1 

0/21 

0/H3 

0/2 

TOTAL 

0/30 

0/61 

0/34 

0/133 

Primates 

Aloudtta  soniculus 

2/2 

0/3 

2/5 

A^eTeslicjzobul 

- 

0/3 

0/3 

r.  paniscus 

1/1 

- 

1/2 

2/3 

Cebus  apelTa 

- 

0/11 

3/4 

3/15 

ChTropbtes  sa tanas 

- 

2/6 

1/4 

3/10 

Pithecia  pithecia 

- 

- 

0/1 

0/1 

TOTAL 

3/3 

2/20 

5/14 

10/37 

Carnivores 

Eira  barbara 

0/1 

0/1 

TeTTs  "concolor 

• 

0/1 

0/1 

FTpardaTls 

Nasua  nas'ua 

0/1 

0/1 

0/2 

0/1 

0/3 

TOTAl 

0/2 

0/2 

0/2 

0/6 

1 


TABLE  25.  Distribution  of  hemagglutination  inhibiting  antibody  to 
Oropouche  virus  among  mammals  captured  at  Cachoeira  Porteira,  km  71 
municipality  of  Oriximina,  Para,  Brazil,  1977.  -  Cont. 


Species 

Rarcli- 

April 

July- 

August 

¥ov- 

Dec 

Total 

Ungulates 

Mazama  americana 

Tapirus  terrestris 
Tayassa  pecari 

Dicotyles  tajacu 

0/1 

0/1 

0/5 

0/1 

0/3 

0/1 

0/5 

0/5 

0/1 

0/8 

0/1 

TOTAL 

0/1 

0/7 

0/7 

0/15 

Other  mammals 

Dasypus  novemcinctus 
Bats 

Tamandua  tetradactyla 

0/1 

0/5 

0/1 

0/1 

0/1 

0/6 

0/1 

TOTAL 

0/1 

0/5 

0/2 

0/8 

*  Number  pos/ number  tested. 
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with  some  bamboo  and  other  grasses  along  the  edge  of  the  trail. 

The  woody  plants  ranged  from  ground  level  to  about  four  meters 
tall.  Low  palms  and  trees  to  about  10  meters  in  height  were 
scattered  throughout.  It  was  impossible  to  walk  through  the 
thicket  without  cutting  a  trail.  The  area  was  about  50  meters  from 
an  overgrown  fruit  orchard  described  in  bat  netting  areas  1,  2,  and 
3. 

Bats  were  collected  in  mist  nets  set  under  fruit  trees,  and  across 
natural  flyways  such  as  trails,  edges  of  clearings,  etc.  The  nets 
were  usually  tended  from  dusk  until  22:00  hrs. 

Bat  nets  1,  2  and  3  were  set  in  an  overgrown  orchard  5.7  km 
northwest  of  Mojui  dos  Campos  and  south  of  the  road.  The  orchard 
consisted  of  mango,  piquia  and  coffee  trees,  and  banana  plants. 

The  underbrush  was  quite  thick,  although  it  was  possible  to  walk 
through  without  cutting  a  trail. 

Bat  nets  4,  5  and  6  were  set  in  the  back  yard  of  a  house  6.4  km 
northwest  of  Mojui  dos  Campos  andnorth  of  the  road.  The  nets  were 
set  under  mango,  orange  and  piquia  trees,  and  banana  plants.  The 
yard  was  cleared  of  underbrush,  and  only  some  grass  and  many  leaves 
covered  the  ground. 

Small  mammals  were  collected  in  National  live  traps  (150x150x485mm) 
and  in  Rinker  live  traps  (80x80x255  mm)  which  were  set  out  at  10  m 
intervals.  The  traps  were  baited  with  corn  and  banana,  and  were 
checked  early  in  the  morning.  Larger  mammals,  such  as  monkeys  and 
sloths,  were  hunted. 

Trapping  area  one  was  located  2.9  km  northwest  of  Mojui  dos  Campos 
and  south  of  the  road.  The  traps  were  set  on  the  edge  of  a  manioc 
field  bordered  by  a  secondary  scrub  thicket.  The  secondary  scrub 
consisted  of  woody  plants  from  ground  level  to  3  m  in  height 
Babagu  palms  to  7  m  tall  were  common  It  was  not  possible  to 
walk  without  cutting  a  trail. 

Trapping  area  two  was  located  south  of  the  road  1.6  km  northwest  of 
Mojui  dos  Campos.  The  traps  were  placed  along  trails  cut  in  the 
very  thick  secondary  scrub  vegetation  which  was  composed  of  woody 
plants  and  vines  from  ground  level  to  about  6  m  in  height,  some 
scattered  cecropia  (Cecropia  sp.)  trees  were  taller. 

Trapping  area  three  was  located  south  of  the  road,  1  km  northwest 
of  Mojui  dos  Campos.  Traps  were  set  along  the  edge  of  an  overgrown 
manioc  field,  which  contained  many  shrubs  to  4  m  in  height,  and  in 
a  thick  secondary  scrub  which  bordered  the  field.  The  secondary 
scrub  was  made  up  of  shrubs  from  3  to  5  m  tall  and  babagu  palms  to 
about  6  m  in  height.  Trails  were  cut  through  the  scrub  vegetation 
for  the  trap  lines. 


The  fourth  trapping  area  was  located  behind  the  house  which  was 
used  as  a  field  laboratory  in  Mojui  dos  Campos.  The  traps  were  set 
in  a  citrus  grove  in  which  the  fruit  trees  were  1  to  2  m  in  height. 

The  ground  was  covered  with  grass,  and  the  grove  was  surrounded  by 
large  mango  trees. 

PROGRESS:  During  the  3J  weeks  of  collecting  in  the  Mojui  dos 
Campos  area,  170  mammals  representing  20  species,  and  305  birds  of 
14  families  were  trapped,  hunted  or  mist  netted  (Tables  26  and  27). 

No  viruses  were  isolated  from  the  158  whole  blood  and  166  viscera 
specimens  tested  from  mammals,  nor  the  105  whole  blood  specimens 
from  birds  tested.  None  of  the  136  mammal  sera  tested  contained  HI 
antibody  to  ORO  or  Mayaro  viruses.  Nine  of  the  304  bird  sera 
tested  contained  HI  antibodies  to  ORO  virus  (Table  27).  The  sera 
from  18.8%  (3/16)  of  the  antbirds  (Formicariidae,  Formicivora 
griseu),  4.8%  (1/21)  of  the  manakins  (Pipridae,  Manacus  manacus) 
and  14.7%  (5/34)  of  the  wrens  (Troglodytidae,  Thryothorus  leucotis- 
1,  T.  coraya  -  4)  were  posiitve  to  ORO  virus. 

Traps  were  set  out  for  14  nights  in  each  of  the  four  trapping  sites 
which  produced  seven  marsupials  and  64  rodents  (Table  28). 

Zygodontonnys  lasiurus  (35  specimens)  and  0xylr^ycteris  sp.  (11 
specimens)  were  the  most  commonly  trapped  mammal  Rist  nets  were 
set  out  three  nights  in  each  of  the  two  netting  sites  and 
collected  92  bats.  Site  4-6,  which  had  more  fruit  trees  and  less 
undergrowth,  produced  a  higher  netting  success  (3.06  bats/net  hour) 
than  net  site  1-3  (1.76  bats/net  hour). 

The  nets  for  collecting  birds  were  operated  for  11  days  and  produced 
305  birds,  of  which  the  tyrant-flycatcher  family,  Tyrannidae,  (75 
collected)  were  the  most  common  (Table  27). 

COMMENTS:  The  results  of  this  serological  survey  indicate  that  the 
ORO  virus  HI  antibody  prevalence  rates  are  lower  than  those  detected 
following  the  epidemic  investigated  during  1975.  These  results 
suggest  that  active  transmission  of  ORO  virus  is  no  longer 
occurring  in  the  Mojui  dos  Campos  area. 

The  secondary  scrub  vegetation  of  the  Mojui  dos  Campos  area 
contrasted  greatly  with  the  disturbed  primary  forest  vegetation  of 
Curua-Una.  The  species  make  up  of  the  mammals  and  birds  between 
the  two  areas  differed  accordingly.  The  two  species  of  Proechimys, 
normally  a  forest  dwelling  rodent,  were  the  most  common  mammals 
collected  in  Curua-Una,  while  Zygodontomys,  the  most  common  rodent 
in  Mojui  dos  Campos,  was  not  collected  in  Curua-Una.  The 
antbirds  (Formicariidae)  were  the  most  cor.mionly  collected  in  Curua-Una 
but  one  of  the  least  common  in  Mojui  dos  Campos,  where  the  tyrant- 
flycatchers  (Tyrannidae)  were  the  most  common. 
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TABLE  26.  Total  mammals  collected  and  tested  for  virus  from  the 
Hojui  dos  Campos  study  area,  Para,  Brazil,  16  February  through  10 
March,  1978. 


Species 

Total 

collected 

Sera 

tested 

Blood 

tested 

Viscera 

tested 

Marsupialia 

Caluromys  philander 

3 

2 

3 

3 

Honodelphis  brevicaudata 

2 

2 

2 

2 

Metachiius  nudicaudatus 

1 

1 

1 

1 

Marmosa  murina 

1 

1 

1 

1 

Chiroptera 

Tonatia  bidens 

1 

1 

1 

1 

T.  brasiliensis 

1 

0 

1 

1 

PhyTTostomus  Tati  foil us 

2 

2 

2 

2 

Glossophaga  soricina 

2 

0 

1 

2 

Carollia  brevicauda 

37 

23 

33 

36 

Rhynophylla  fischerae 

1 

0 

0 

1 

SturnWa  1  ilium 

28 

23 

26 

28 

Uroderma  bilobatum 

6 

2 

e 

6 

U.  magni rostrum 

1 

1 

1 

1 

Artibeus  cinereus 

13 

9 

11 

11 

Edentata 

Bradypus  variegatus 

7 

7 

7 

6 

Rodentia 

Zygodontomys  lasiurus 

35 

33 

35 

35 

Oxymycteris  sp. 

n 

11 

11 

11 

Rattus  rattus 

2 

2 

2 

2 

Proechimys  guyannensis 

13 

13 

11 

13 

P.  longicaudatus 

3 

3 

3 

3 

170 

136 

158 

166 

I 


TABLE  27.  Birds  collected  and  tested  for  HI  antibody  to  Oropouche 
(ORO)  virus  and  processed  for  virus  isolation  from  the  Mojui  dos 
Campos  study  area,  Para,  Brazil,  16  February  through  10  March,  1978 


HI 

Fami 1y 

Total 

Sera 

Blood 

antibody 

collected 

tested 

tested 

to  ORO 
virus 

Tinamidae 

) 

1 

1 

Rallidae 

1 

1 

1 

Columbidae 

44 

44 

44 

Cuculidae 

1 

1 

1 

Caprimulgidae 

I 

1 

1 

Dendrocolaptidae 

3 

3 

> 

Furnari idae 

1 

1 

1 

Formacari idae 

16 

16 

16 

CO 

Pipridae 

21 

21 

21 

1/21 

(4.7*) 

Tyrannidae 

75 

74 

75 

Troglodytidae 

34 

34 

34 

5/34 

(14.7M 

Virionidae 

13 

13 

13 

Thraupidae 

44 

44 

44 

TOTAL 

305 

304 

305 

9/305(2.9*) 

TABLE  28.  Mammals  collected  by  trapping  and  by  mist  netting  in  the 
Mojui  dos  Campos  study  area,  Para,  Brazil,  16  Tebruary  through  10 
March,  1978, 


Number  collected  per  site 


Species 

Trap 

Net 

Net 

sites 

sites 

s  i  tes 

Total 

1-4 

1-3 

4-6 

Marsupialia 

7 

7 

Caluromys  philander 

3 

3 

Monodelphis  brevicaudata 

2 

2 

Harmosa  murina 

1 

1 

Hetachirus  nudicaudatus 

1 

1 

Chiroptera 

37 

55 

92 

Tonatia  bideris 

1 

1 

T.  brasiliensis 

1 

1 

Phyllostomus  latifolius 

2 

2 

(ilossoohaqa  soricina 

2 

2 

Carol lia  Erevicauda 

9 

28 

37 

l?Ri  nophyl  la  fischerae 

1 

1 

Sturnira  1  ilium 

14 

14 

28 

Uroderma  bilobatum 

6 

6 

U.  magni rostrum 

1 

1 

Artibeus  cinereus 

11 

2 

13 

Rodentia 

64 

64 

Zygodontomys  lasiurus 

35 

35 

Ox^ycteris  sp. 

Rattus  rattus 

11 

2 

11 

2 

Proechimys  guyannensis 

P.  longicauoatus 

13 

13 

3 

3 

TOTAL 

71 

37 

55 

163 

Trap  nights 

1,680 

Net  hours 

21 

18 

Mammals/1000  trap  nights 

42.3 

Bats/net  hour 

1. 

76  3.06 

4.  Experimental  infections  of  vertebrates 
a.  Mammals 

OBJECTIVE:  These  studies  are  an  attempt  to  define  those  vertebrate 
hosts  which  are  capable  of  producing  a  substantial  viremia 
following  infection,  and  thus  could  potentially  act  as  amplifying 
hosts  of  Oropouche  virus.  The  section  deals  with  experimental 
infections  of  mammals. 

BACKGROUND:  Mammals  collected  from  localities  throughout  much  of 
the  state  of  Para  have  been  tested  for  the  presence  of  antibodies 
to  Oropouche  (ORO)  virus.  While  several  thousand  individuals  have 
been  tested,  antibody  has  only  been  detected  consistently  among 
primates.  Primates  may  serve  as  the  principal  vertebrate  host  of 
ORO  virus  in  nature,  but  the  sparse  abundance  of  primates  and  their 
low  reproductive  potential  indicate  that  this  is  a  questionable 
hypothesis,  and  additional  information  is  required  before  a 
conclusion  can  be  drawn  on  this  theory. 

Since  virtually  no  rodents  have  been  found  to  contain  antibody  to 
ORO  virus,  one  might  conclude  that  rodents  are  not  involved.  One 
would  expect,  however,  that  even  if  rodents  are  not  actively 
involved  in  the  maintenance  of  this  virus,  an  occasional  individual 
would  have  lecome  infected.  Consequently,  before  they  can  be 
discounted  completely,  it  is  essential  to  document  that  if 
infected,  rodents  would  produce  a  normal  inriune  response.  This  is 
to  insure  that  the  laboratory  techniques  currently  in  use, 
hemagglutination  inhibition  and  neutral i 7ation  tests,  would  detect 
previously  infected  individuals  and  that  these  negative  results  are 
in  fact  a  true  measurement  of  exposure. 

DESCRIPTION:  The  rodents  most  frequently  collected  in  our  studies 
have  been  members  of  the  genus  Proechimys.  Consequently  this  group 
was  selected  as  the  initial  hosts~for  experimental  infections. 

Nine  Proechimys  rodents  were  collected  from  study  sites  in  Curua 
Una,  f*ara,  Bra/il  and  transported  live  to  Pel^i  for  experimental 
infection  in  the  laboratory.  Each  individual  was  bled  prior  to 
exposure  and  tested  by  HI  for  pre-existing  antit^ody  to  ORO  virus. 
They  were  then  inoculated  subcutaneously  with  5.S  logiqTClD^n/O.OZ 
ml  of  ORO  virus.  Rodents  were  bled  daily  for  seven  days  post 
infection,  and  their  whole  blood  diluted  1:10  in  bovine  plasma 
albumin  diluent,  then  frozen  at  -70‘’C  pending  assay  for  virus.  On 
days  7,  14  and  29  post  inoculation  each  animal  was  bled  for 
serology  as  well.  Sera  were  tested  by  111  and  N1  using  Vero  cells 
grown  in  microtiter  plates.  Attempts  to  isolate  virus  from 


potentially  vireniic  hosts  were  made  by  inoculating  0.1  ml  of 
diluted  whole  blood  into  duplicate  tubes  of  Vero  cells.  Cells  were 
observed  for  8  days  for  evidence  of  CPE. 

PROGRESS:  No  viremia  was  detected  in  any  of  the  Proechimys 
experimentally  infected  with  ORO  virus.  In  addition,  even  though  a 
relatively  high  titered  inoculum  was  used,  no  animal  produce  HI  or 
N  antibody  to  ORO  virus. 

COMMENT:  These  results  suggest  that  Proechimys  rodents  are 
refractory  to  infection  with  ORO  virus.  Since  data  is  only 
available  from  this  single  attempt  to  infect  rodents,  it  is 
essential  that  these  experiments  be  repeated  before  any 
generalizations  can  be  made.  These  preliminary  results  do,  however, 
suggest  a  plausible  explanation  for  our  failure  to  detect  antibody 
to  ORO  virus  among  rodents. 


b.  Birds 


OBJECTIVE:  These  studies  are  an  attempt  to  define  those  vertebrate 
hosts  which  are  capable  of  producing  a  substantial  viremia 
following  infection,  and  thus  could  potentially  act  as  amplifying 
hosts  of  Oropouche  virus.  This  section  deals  with  experimental 
infections  of  birds. 

BACKGROUND:  Serological  surveys  have  found  high  HI  antibody 
prevalence  rates  to  Oropouche  (ORO)  virus  among  certain  groups  of 
birds,  especially  members  of  the  family  Formicariidae.  Such 
results  suggest  that  these  birds  are  frequently  exposed  to  feeding 
by  the  endemic  vector,  and  that  they  may  provide  one  means  of  virus 
amplification,  should  they  produce  a  significant  viremia  following 
infection.  An  attempt  is  made  in  this  study  to  experimentally 
infect  Formicariidae  birds  and  thereby  define  their  potential  to 
serve  as  vertebrate  amplifying  hosts  of  ORO  virus. 

Birds  of  the  family  Formicariidae  are  quite  common  in  the  forested 
areas  of  the  New  World.  Several  species  have  been  described,  and 
23  different  species  were  collected  from  Cachoeira  Porteira  during 
recent  trips.  Most,  if  not  all,  species  are  insectivores.  Their 
family  name  is  derived  from  their  behavior  of  following  army  ants 
as  the  ants  forage,  and  feeding  on  the  insects  th^t  are  flushed  up. 
They  apparently  do  not  feed  on  the  ants  themselves.  They  are 
common  in  both  undisturbed  forests  and  dense  secondary  growth. 

Their  activity  periods  generally  coincide  with  that  of  the  ants, 
and  they  are  especially  active  in  the  early  morning.  They 
frequent  the  lower  scrubs  closest  to  the  forest  floor,  where  they 
often  sit  motionless  awaiting  insects.  Few  species  are  found  in 
the  forest  canopy.  Their  nesting  and  roosting  sites  are  unknown, 
but  they  are  most  likely  in  thickets  near  the  forest  floor.  They 
are  generally  small  in  size  and  quite  delicate,  although  some  of 
the  larger  species  approach  the  size  of  blackbirds.  Formicariidae 
birds  do  not  migrate. 

Two  authorities  were  contacted  regarding  the  biology  of 
Formicariidae  birds.  Dr.  Philip  S.  Humphrey,  Director,  Museum  of 
Natural  History,  University  of  Kansas,  Lawrence,  Kansas,  USA  66045 
and  Dr.  Edwin  Willis,  Department  of  Zoology,  UNICAMP,  Caixa  Postal 
1170,  Campinas,  Sao  Paulo,  Brazil,  13100.  Both  were  quite 
cooperative  and  provided  much  of  the  summary  of  Formicariidae 
biology  discussed  above.  They  were  also  questioned  regarding  the 
possibility  of  keeping  these  birds  in  captivity,  and  both  agreed 
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that  this  is  quite  difficult,  and  that  the  odds  of  success  are  very 
slim. 

DESCRIPTION:  Formicari idae  birds  were  collected  by  mist  nets  from 
the  Utinga  forest  near  Belem.  All  birds  were  bled  to  detect  pre¬ 
existing  HI  antibody  to  ORO  virus,  then  inoculated  with 
approximately  400  plaque  forming  units  of  ORO  virus.  Birds  were 
bled  to  detect  viremia  at  24  hour  intervals  post  inoculation  and 
brains,  livers  and  hearts  were  assayed  for  virus  following  death. 
Whole  blood  was  tested  as  a  1:10  dilution  in  bovine  plasma  albumin; 
organs  as  a  10%  triturated  solution.  Blood  and  organ  suspensions 
were  assayed  undiluted  and  at  10"^,  10"^  and  10"^.  These  dilutions 
were  tested  at  the  suggestion  of  Or.  Pinheiro,  who  indicated  that 
occasionally  ORO  virus  can  only  be  detected  in  diluted  samples. 
Blood  and  organ  suspensions  were  tested  in  triplicate  tubes  of  Vero 
cell  culture  and  were  observed  for  cytopathic  effect  (CPE)  for  7 
days  post-inoculation. 

PROGRESS:  A  total  of  14  Formicari idae  birds  were  collected  and 
inoculated  with  ORO  virus.  Unfortunately,  10  of  these  birds  died 
shortly  after  being  infected.  Only  4  birds  survived  at  least  24 
hours,  and  all  b’^'ds  died  within  48  hours  of  infection.  Cause  of 
death  in  all  cases  was  due  to  either  the  trauma  associated  with 
bleeding  or  failure  to  feed  while  in  captivity. 

Of  the  4  birds  surviving  24  hours  or  longer,  none  demonstrated  a 
detectable  viremia  following  infection,  although  all  lacked  pre¬ 
existing  ORO  HI  antibody.  Assay  of  livers,  brains  and  hearts  also 
failed  to  detect  ORO  virus.  These  results  are  summarized  in  Table 
29. 

COMMENT:  Birds  tested  in  this  experiment  survived  for  too  short  a 
period  to  produce  meaningful  results.  Additional  work  is  needed  to 
clarify  the  role  of  Formicari idae  birds  in  the  maintenance  of  ORO 
virus. 

This  experiment  was  discontinued  due  to  our  inability  to  maintain 
the  birds  in  the  laboratory.  Attempts  may  be  made  in  the  future  to 
construct  a  large  cage  to  house  infected  birds  in  the  forest.  This 
may  result  in  longer  survival  times,  but  will  also  present  the 
problem  of  how  to  infect  potential  amplifying  hosts  without 
introducing  virus  into  the  free-living  vector  population. 
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II. 


ECOLOGY  OF  MAYARO  VIRUS 


A.  Review  of  the  Literature 

OBJECTIVE:  The  objective  of  this  section  is  to  provide  a  succinct 
summary  of  the  literature  which  deals  with  Mayaro  virus.  This 
summary  will  serve  as  a  preface  to  the  studies  reported  in  the 
following  sections. 

BACKGROUND;  Mayaro  (MAY)  virus  was  first  characterized  by  Casals 
and  Whitman  (1957)  and  found  to  be  closely  related  to,  but 
distinguishable  from  Semliki  Forest  virus.  Today  it  is  recognized 
as  an  arbovirus  of  the  family  Togaviridae,  genus  Alphavirus  (Berge 
1975). 

Mayaro  virus  was  originally  isolated  from  five  humans  resident  in 
Southeastern  Trinidad  and  takes  its  name  from  Mayaro  County, 
Trinidad,  the  county  in  which  these  people  resided.  Anderson  et 
al.  (1957)  described  the  clinical  illness  associated  with  these 
original  five  cases,  which  consisted  of  fever  of  several  days 
duration,  generalized  systemic  complaints  of  headache,  chills  and 
general  body  pain.  One  patient  had  a  loose  bowel  movement,  and 
another  complained  of  joint  pains  and  swelling.  No  rash  was 
reported,  and  all  patients  recovered  without  complications  or 
relapses. 

An  outbreak  of  MAY  virus  which  occurred  at  a  rock  quarry  on  the 
Guama  River  in  Para,  Brazil  was  described  by  Casey  and  Maroja 
(1957).  Six  strains  of  MAY  virus  were  recovered  during 
investigations  of  the  outbreak,  and  these  strains  wore  also 
included  by  Casals  and  Whitman  (1957)  in  their  initial 
characterization  of  MAY  virus.  Clinical  illness  associated  with 
Guama  River  outbreak  was  very  similar  to  that  seen  in  Trinidad. 

A  third  outbreak  was  described  by  Schaeffer  et  al.  (1959).  This 
study  reported  on  epidemic  jungle  fevers  found  in  a  newly  formed 
colony  of  Okinawan  settlers  in  eastern  Bolivia.  While  several 
different  etiologic  agents  were  probably  responsible  for  this 
outbreak,  only  MAY  virus  was  actually  isolated.  The  clinical 
summary  of  the  single  patient  from  whom  MAY  virus  was  isolated  is 
not  significantly  different  from  that  originally  described  by 
Anderson  et  al.  (19671,  with  the  exception  that  this  patient  had  a 
mild,  generalized  maculopapular  erythema  which  appeared  on  the  6th 
day  of  illness  and  persisted  for  7  days.  A  serological  survey  of 
those  settlers  indicated  that  10-15  of  the  epidemic  jungle  fevers 
seen  in  this  settlement  could  be  attributed  of  MAY  virus 
infection. 

Ecological  investigations  have  failed  to  define  the  natural  cycle 
of  MAY  virus.  Several  species  of  mosquitoes  have  been  the  source 
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ECOLOGY  OF  MAYARO  VIRUS 


B.  Studies  on  the  Epidemic  Cycle  -  the  Bel  terra  Outbreak 
1.  Description  of  Belterra 

OBJECTIVE:  The  objective  of  this  section  is  to  provide  a  detailed 
description  of  Belterra,  Para,  Brazil.  This  description  will  then 
serve  as  background  information  for  the  discussions  concerning  the 
epidemiology  and  epizootology  of  Mayaro  virus  in  Belterra  which 
follows. 

BACKGROUND;  In  February  and  Mdrch  of  1978,  several  cases  of  an 
acute  febrile  disease  were  observed  in  Belterra,  and  three 
fatalities  were  recorded.  The  virus  section  of  the  Institute 
Evandro  Chagas  was  requested  to  investigate  the  apparent  outbreak. 
Members  of  the  USAMRU  were  then  asked  by  the  Institute  Evandro 
Chagas  to  assist  in  the  investigations. 

Investigations  were  begun  in  March  and  two  arboviruses  were 
identified  as  responsible  for  this  outbreak:  Yellow  Fever  (YF)  and 
Mayaro  (MAY).  All  deaths  were  attributed  to  YF  virus.  A 
discussion  of  preliminary  results  of  clinical,  ecological  and 
epidemiological  investigations  of  these  outbreaks  is  included 
herein. 

DESCRIPTION:  Belterra  is  the  name  given  to  a  rubber  plantation 
originally  founded  by  the  Ford  Motor  Company  of  Brazil  in  1934. 
This  plantation  covers  a  total  of  281.000  ha,  of  which  7,200  have 
been  used  for  a  rubber  plantation.  The  plantation  lies  on  a 
plateau  about  5  km  from  the  eastern  bank  of  the  Tapajos  River  in 
the  state  of  Para,  Brazil.  The  plateau  is  175  m  above  sea  level, 
and  the  lowland  between  the  plantation  and  the  river  is  75  m  above 
sea  level.  Belterra  is  approximately  40  km  south  of  Santarem,  the 
nearest  large  city  (Figure  12). 

The  plantation  was  founded  prior  to  World  War  II,  but  rubber 
production  has  been  hampered  due  to  a  persistent  fungal  disease 
which  has  attacked  the  rubber  trees.  The  plantation  has,  however, 
remained  open  and  productive  although  it  changed  hands  in  1945  and 
is  currently  owned  and  managed  by  the  Brazilian  Ministry  of 
Agriculture.  During  the  last  20  years  much  of  the  plantation  has 
been  allowed  to  be  overgrown  by  secondary  vegetation,  consequently 
the  ecology  of  the  area  is  now  a  mixture  of  rubber  trees  and 
secondary  forest,  surrounded  by  more  mature,  less  disturbed 
forest. 

Belterra  lies  as  a  rectangle  with  its  length  running  east  to  west. 
The  plantation  is  divided  lengthwise  by  a  road  (Road  5)  which  runs 
through  the  center  of  the  plot,  and  is  bordered  on  the  north  by 
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Road  1  and  the  south  by  Road  7.  The  plantation  is  further  divided 
by  Roads  2,  4,  6,  8  and  10  which  run  north-south.  The  greatest 
concentration  of  housing  and  administration  buildings  is  found  in 
the  north-west  corner  of  the  plantation.  A  small  hospital  is  also 
located  in  this  area.  Additional  housing  is  interspersed 
throughout  the  plantation,  as  shown  in  Figure  13.  Housing  is 
provided  by  the  administration  of  the  plantation  for  all  its 
employees  at  minimal  cost.  Medical  care  is  free  to  employees. 
Approximately  50%  of  the  housing  districts  have  electricity  and  all 
districts  have  running  water,  though  not  inside  the  houses.  Houses 
are  usually  constructed  of  wood,  and  aside  from  the  established 
Vilas,  nearly  all  are  in  close  proximity  to  the  forest.  Few  houses 
have  screening,  and  mosquito  netting  is  generally  not  used  at 
night. 

Most  residents  of  Bel  terra  are  associated  with  some  aspect  of  the 
plantation.  Many  people,  both  men  and  women,  are  employed  to 
collect  the  latex  from  the  rubber  trees  and  are  required  to  enter 
the  forest  almost  daily.  Latex  is  generally  collected  in  the 
morning.  Some  workers  maintain  their  trails  in  the  afternoon, 
while  others  tend  to  their  private  gardens.  Many  families  have 
private  gardens  away  from  their  houses,  and  frequently  the  entire 
family  goes  to  the  garden  to  work.  Hunters  frequent  both  the 
plantation  and  the  adjacent  forests.  As  a  result,  many  residents 
of  Bel  terra,  representing  both  sexes  and  all  ages,  enter  the 
forests  frequently  and  are  thus  potentially  exposed  to  infected 
sylvatic  vectors. 

The  administrators  of  the  plantation  conducted  a  census  of  Belterra 
in  December  of  1977  and  found  a  total  of  4083  people  resident  in 
the  area.  A  population  pyramid  showing  the  age  and  sex 
distribution  of  Belterra  as  measured  by  this  census  is  presented  in 
Figure  14,  and  Table  30  presents  the  number  of  individuals  seen  in 
each  age  group.  It  will  be  noted  that  a  significant  portion  of  the 
population  is  over  fifty  years  of  age.  This  can  be  explained  in 
part  by  the  fact  that  employees  injured  during  service  for  the 
plantation,  or  those  reaching  retirement  age,  are  allowed  to  remain 
in  housing  provided  by  the  plantation  and  continue  to  receive  free 
medical  care.  Consequently  there  is  no  pressure  for  this  segment 
of  the  population  to  leave.  In  addition,  much  of  the  population 
below  the  age  of  41  years  old  was  born  in  Belterra,  consequently, 
established  families  are  present  with  whom  the  older  segments  of 
the  population  may  remain.  Table 31  presents  a  summary  of  the  total 
of  residents  found  in  each  district  of  Belterra,  and  Tables 32 
through  37  present  a  sun»nary  of  the  age  structure  of  each  district. 

Table  38  presents  a  summary  of  the  place  of  birth  of  397  persons  as 
questioned  in  a  stratified  random  sample  of  10%  of  the  occupied 
houses  of  Belterra  made  during  July,  1978.  Clearly  the  majority  of 
persons  currently  residing  in  Belterra  were  born  there.  Since  the 
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plantation  at  Belterra  has  only  been  in  operation  for  slighty  over 
40  years,  it  seems  apparent  that  the  conditions  at  Belterra  have 
resulted  in  a  very  stable  population. 

Table  39  shows  the  number  of  households  questioned  and  the  number 
of  people  residing  in  those  households,  as  well  as  the  average 
number  of  residents  per  household.  This  information  was  also 
collected  from  the  10%  stratified  random  sample  of  occupied 
households  made  during  July,  1978. 

The  climate  in  Belterra  is  classified  as  humid  tropical  according 
to  the  Holdridge  life  zone  classification  system.  A  meteorological 
station  which  has  been  operated  by  the  Institute  Nacional  de 
Meteorologia  since  1972  is  located  in  Belterra.  The  average  annual 
rainfall  during  the  7  year  period  was  2,109.5  mm.  The  normal 
amount  of  rainfall  changes  drastically  between  the  4  month  dry 
season,  August,  through  November,  in  which  less  than  55.5  mm  of 
precipitation  falls  per  month,  and  the  8  month  wet  season, 

December  through  July,  in  which  the  monthly  average  is  more  than 
100  mm.  The  average  monthly  temperature  normally  differs  only 
slightly  throughout  the  year.  The  dry  season  month  of  October  is 
usually  warmest  with  the  26. 2^0  average  temperature,  and  July  is 
usually  the  coolest  with  an  average  of  23.8^0.  During  the  dry 
season  the  average  monthly  extreme  temperatures  range  from  a  low  of 
20.0°C  to  a  high  of  32.0OC.  The  average  monthly  extreme 
temperatures  range  from  a  low  of  19.40C  to  a  high  of  31.30C  during 
the  wet  season.  According  to  Gaussen's  formula  of  plotting 
rainfall  against  temperature  (20  mm  of  precipitation  equals  lO^C), 
a  drought  period  occurs  when  the  rainfall  curve  falls  below  that  of 
the  temperature.  Using  this  formula  (Figure  15),only  the  month  of 
October  normally  has  a  water  deficiency. 

The  actual  rubber  plantation  is  located  on  a  flat  plateau  which  was 
cleared  of  small  trees  and  shrubs  during  the  late  1930's.  The 
rubber  trees  which  naturally  occurred  in  the  area  were  left  and 
others  were  planted.  The  trees  of  commercial  value  were  cut  for 
lumber.  The  remaining  vegetation  was  nearly  a  monoculture  of 
rubber  trees,  thereby  creating  a  favorable  habitat  for  parasites 
and  diseases.  During  the  last  20  years  invading  trees  and  shrubs 
have  been  allowed  to  grow  until  the  plantation  now  has  a  continuous 
secondary  scrub  undergrowth,  which  reaches  to  approximately  15  m  in 
height  and  contains  some  lianas  and  small  vines.  The  soil  is 
mainly  a  reddish  brown  clay-sand  with  a  very  thin  humus  layer.  The 
litter  layer,  composed  of  fallen  leaves  and  twigs,  is  from  1  to  5 
cm  thick.  Trails  have  been  maintained  throughout  the  plantation  to 
permit  easy  access  to  the  rubber  trees.  Grapefruit, orange,  mango, 
cupuagu  (Stercul iacea) ,  avocado,  cacao  and  banana  trees  have  been 
planted,  both  behind  and  in  front  of  the  houses.  The  secondary 
growth  vegetation  has  encroached  to  the  edge  of  the  yards,  placing 
many  houses  in  very  close  contact  with  the  forest. 
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FIGURE  13.  Map  of  Belterra,  Para,  Brazil,  showing  the  major  roads 
and  names  of  various  residential  districts. 
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Figure  15  .  Climatic  diagram  of  Belterra,  Para.  The  shaded 
areas  of  the  curve  indicate  rainfall  over  100  mm  per  month. 

This  part  of  the  scale  has  been  reduced  by  1/10.  The  monthly 
temperatures  and  rainfall  were  averaged  from  6  to  7  years  data. 
(1972-1978) 


The  lowland  forest  which  occupies  the  area  north  and  west  of 
Belterra,  although  subjected  to  slash  and  burn  agriculture  in  years 
past,  is  less  disturbed  than  the  upland  forest.  The  soil  there  is 
a  brown  sandy  clay  with  a  very  thin  humus  layer  which  contains  many 
hair- like  roots.  The  litter  layer,  from  1  to  5  cm  thick,  is 
composed  of  leaves  and  twigs.  Fallen  trees  covered  by  thick  moss 
are  common.  Woody  plants  from  1  to  5  m  tall  are  numerous.  Shrubs 
with  thin  trunks  and  scattered  palms  from  3  to  4  m  in  heigth  make 
up  an  open  intermediate  canopy,  and  larger  trees  form  a  higher 
canopy  approximately  15  m  from  the  ground.  The  emergents,  some 
exhibiting  burn  scars,  rise  to  about  30  m  in  heigth.  No 
buttressing  is  evident  on  the  emergents,  and  only  scattered  trees 
have  stilt  roots.  Lianas  are  common,  but  not  numerous.  The 
vegetation  is  fairly  open,  and  one  can  walk  in  most  places  without 
cutting  a  trail.  The  inhabitants  of  Belterra  utilize  this  area  for 
hunting,  and  thus  the  trails  remain  open. 


2.  Clinical  disease  in  man 


OBJECTIVE:  The  objective  of  this  section  is  to  present  a  summary 
of  the  clinical  disease  caused  by  Mayaro  virus  infection  in  man  as 
seen  in  the  Bel  terra  outbreak. 

BACKGROUND:  In  February  and  March  of  1978,  several  cases  of  an 
acute  febrile  disease  were  observed  in  Belterra,  and  three 
fatalities  were  recorded.  Investigations  were  begun  in  March  and 
two  arbovirus  were  identified  as  responsible  for  this  outbreak: 

Yellow  Fever  (YF)  and  Mayaro  (MAY).  All  deaths  were  attributed  to 
YF  virus.  A  discussion  of  preliminary  results  of  clinical 
investigations  of  MAY  virus  are  reported  here. 

DESCRIPTION:  Suspect  cases  of  MAY  virus  infection  were  actively 
sought  throughout  Belterra  during  investigations  of  the  epidemics. 
Febrile  patients  were  bled  and  a  clinical  history  was  taken.  Blood 
samples  were  frozen  in  liquid  nitrogen  and  returned  to  Belem  where 
attempts  to  isolate  virus  were  made  by  inoculation  into  suckling  mice. 
In  four  cases  where  the  clinical  history  clearly  indicated  MAY 
virus  infection,  but  virus  was  not  recovered  in  suckling  mice, 
attempts  were  made  to  isolate  virus  by  directly  plaguing  whole 
blood  on  confluent  monolagers  of  Vero  cells  grown  in  25  cm^  plastic 
flasks. 

Selected  patients  from  whom  MAY  virus  was  isolated  were  followed 
throughout  the  course  of  their  illness  and  recovery.  These 
individuals  were  bled  periodically  to  determine  the  duration  of 
viremia  and  onset  of  detectable  antibody.  These  sera  will  be  used 
to  document  the  antibody  pattern  of  IgM  and  IgG  production,  and 
samples  have  been  forwarded  to  the  Department  of  Viruses  Diseases, 
WRAIR,  for  IgM/IgG  level  determinations.  Detailed  case  histories 
were  also  taken  from  these  patients  to  determine  the  duration  of 
clinical  signs  and  symptoms  of  MAY  virus  infection. 

PROGRESS:  Infection  with  MAY  virus  was  confirmed  in  55  (76.4%)  of 
72  cases  seen  during  the  peak  of  the  epidemic.  Confirmation  was 
accomplished  by  isolation  of  virus  from  43  cases,  and  serologically 
in  an  additional  12.  Of  the  43  cases  from  whom  virus  was  isolated, 

39  isolations  were  made  in  suckling  mice  and  4  were  made  in  Vero 
cell  culture.  Virus  was  identified  by  hemagglutination  inhibition 
tests  using  certified  reference  reagents.  The  range  of  ages  among 
patients  from  whom  MAY  virus  was  recovered  varied  from  2  to  62 
years,  and  both  sexes  were  represented. 

Clinical  manifestation  of  disease  due  to  MAY  virus  included  fever. 


arthralgia  and  exanthema.  Table 40  pr-esents  clinical  signs  and 
symptoms  associated  with  MAY  virus  infection  as  seen  in  the  43 
patients  from  whom  virus  was  isolated.  Of  the  clinical  symptoms, 
arthralgia  was  most  predominant  and  usually  manifested  in  the 
fingers,  hands,  feet  and  ankles,  and  occasionally  effecting  the 
knee  or  elbow  joints.  Exanthema  was  either  small  maculopapular  or 
micropapular,  and  was  most  commonly  seen  in  the  thorax,  back,  upper 
and  lower  extremities. 

Clinical  manifestations  persisted  for  3-5  days,  except  exanthema, 
which  could  be  seen  until  the  8th  or  9th  of  illness.  Arthralgia 
persisted  in  some  patients,  especially  older  patients,  for  2  months 
or  more.  No  deaths  were  attributed  to  infection  with  MAY  virus. 

Figure  16  presents  a  schematic  summary  of  the  duration  of  clinical 
manifestations  of  infection  with  MAY  virus,  as  well  as  the 
magnitude  and  duration  of  viremia  and  the  onset  of  detectable 
hemagglutination  inhibiting  antibody,  as  seen  in  21  patients  bled 
periodically  and  from  whom  MAY  virus  was  isolated.  Values  for 
temperature,  viremia  and  antibody  are  presented  as  mean  values 
(circles)  with  ranges  superimposed  (brackets).  Viremia  data  is 
presented  on  a  log^g  scale,  while  antibody  is  presented  on  a  log^ 
scale.  Temperatures  were  measured  externally  in  the  axilla, 
consequently  temperatures  recorded  are  somewhat  lower  t'^an  those 
expected  from  oral  measurements. 

COMMENT:  In  this  outbreak,  the  combined  conditions  of  fever, 
arthralgia  and  exanthema  were  pathognomonic  for  MAY  virus  infection. 
Both  fever  and  arthralgia  were  seen  in  all  patients  from  whom  virus 
was  isolated,  and  exanthema  was  seen  in  two-thirds  of  those  cases. 
No  other  disease  was  seen  which  presented  itself  as  a  combination 
of  these  three  conditions. 

This  is  in  contrast  to  the  other  reported  epidemics  of  MAY  virus, 
were  no  distinctive  clinical  syndrome  was  detected.  Arthralgia  was 
recorded  in  one  of  five  cases  in  Trinidad  described  by  Anderson  et 
al.  (1957),  but  not  among  the  six  patients  from  whom  MAY  virus  was 
isolated  in  the  Guama  River,  Brazil  outbreak  reported  by  Causey  and 
Maroja  (1957),  or  in  the  single  patient  from  whom  f'lAY  virus  was 
isolated  in  the  Bolivian  study  of  Schaeffer  et  al.  (1959). 

Likewise,  exanthema  was  also  reported  for  a  single  case,  in  this 
instance  the  Bolivian  patient.  Clearly  MAY  virus  may  present 
itself  in  a  spectrum  of  clinical  syndromes.  The  fact  that  all 
confirmed  patients  seen  in  the  Belterra  outbreak  complained  of 
arthralgia,  and  two-thirds  presented  with  an  exanthema,  suggests 
that  the  strain  of  MAY  virus  which  caused  this  outbreak  was 
especially  virulent. 


3.  Viretnia  in  man 


OBJECTIVE:  The  objective  of  this  section  is 
viremic  stage  of  Mayaro  (MAY)virus  infection 
consideration  is  the  question,  can  man  serve 
to  infect  feeding  vectors? 


to  quantify  the 
in  man.  The  underlying 
as  an  amplifying  host 


BACKGROUND:  All  patients  considered  in  this  section  were  naturally 
infected  in  Bel  terra  during  the  epidemic  which  occurred  between 
December  1977  and  June,  1978.  Previous  sections  of  this  report 
have  characterized  Belterra  and  described  the  clinical  syndrome  of 
MAY  virus  infection  in  man. 


DESCRIPTION:  Febrile  patients  suspected  of  being  infected  with  MAY 
virus  were  bled  as  described  earlier  and  their  blood  tested  for  the 
presence  of  virus  by  inoculation  in  suckling  mice  or  cell  culture. 
Each  sample  from  which  virus  was  isolated  was  titrated  by  directly 
plaguing  0.1  ml  of  whole  or  diluted  blood  on  Vero  cells  grown  in 
25  cm^  plastic  flasks.  Cells  were  incubated  for  1  hr  at  370C,  then 
overlaid  with  nutrient  agar.  Flasks  were  stained  after  4  or  5  days 
and  plaques  counted  24  hrs  later.  In  certain  instances  when 
patients  presented  with  symptoms  characteristic  of  MAY  virus 
infection  and  were  bled  during  the  first  or  second  day  of  illness, 
but  virus  was  not  recovered  in  suckling  mice,  the  sarnies  were  then 
assayed  by  directly  plaguing  on  Vero  cells  as  described  above. 

PROGRESS:  Mayaro  virus  was  recovered  from  a  total  of  43  patients 
seen  during  the  Belterra  outbreak.  Virus  was  isolated  from  96.9% 

(32  pos/33  tested)  patients  bled  during  the  first  24  hrs  after  onset 
symptoms.  Recovery  rates  then  decreased  to  82.3%  (14/17)  on  day  2, 
22.2%  (4/18)  on  day  3,  6.6%(1/15)  on  day  4  and  0%  (0/13)  on  day  5. 
These  results  are  presented  in  Table  41.  The  single  patient  whose 
blood  was  negative  on  day  1  was  actually  bled  at  about  12  hrs  after 
the  onset  of  symptoms.  This  patient  was  not  bled  again  during  the 
period  of  typical  viremia,  and  was  diagnosed  only  on  the  basis  of 
seroconversion.  Likewise,  the  three  negative  samples  drawn  on  day 
2  were  also  diagnosed  solely  by  seroconversion. 

Viremia  was  detected  on  days  1,  2,  3  and  4  after  the  onset  of 
symptoms.  Of  those  bloods  tested  so  far,  the  maximum  titer 
detected  was  9.0  x  10^  plaque  forming  units/0.1  ml  whole  blood, 
which  was  seen  on  day  1.  Titers  of  viremia  were  lower  on  days  2 
and  3.  Results  for  day  4  are  still  pending.  A  summary  of  maximum 
titers  detected  on  each  day  following  the  onset  of  symptoms  is 
presented  in  Table  ^^2. 
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COMMENT:  Results  presented  here  indicate  that  the  duration  of 
viremia  in  patients  is  at  most  4  days,  and  significant  titers  can 
be  reached  in  at  least  3  of  these  4  days.  While  the  quantity  of 
virus  needed  to  infect  feeding  vectors  has  not  been  determined,  it 
appears  that  man  may  circulate  virus  in  sufficient  quantities  to 
infect  some  feeding  vectors.  However,  most  patients  observed 
during  this  stage  of  illness  were  not  continuing  their  daily 
activities, and  many  were  bedridden.  Consequently,  patients  would 
only  be  expected  to  be  exposed  to  those  vectors  found  in  or  near 
their  residencies. 


4.  Distribution  of  cases 

OBJECTIVES:  The  objectives  of  this  section  are  to  present  the 
temporal  and  geographical  distribution  of  cases  of  Mayaro  (MAY) 
virus  as  seen  in  Belterra,  and  to  define  the  rates  of  clinically 
apparent  and  inapparent  cases. 

BACKGROUND:  A  description  of  >  a  environs  and  population  of 
Belterra  has  been  presented  pre.ously.  The  census  of  Belterra 
made  in  December,  1977,  described  earlier,  was  used  as  a  standard 
population  for  all  age  adjustments. 

DESCRIPTION:  Information  was  gathered  to  construct  an  epidemic 
curve  for  the  outbreak  in  Belterra  based  on  the  onset  or  clinical 
symptoms  characteristic  of  MAY  virus  infection.  In  order  to 
acquire  this  information,  a  house-to-house  survey  of  every 
occupied  household  was  conducted  during  the  last  week  of  May, 

1978,  and  people  were  questioned  for  a  history  of  illness 
compatable  with  MAY  virus  infection.  Cases  with  onset  in  June  were 
estimated  from  results  acquired  during  a  serological  survey  which 
was  made  in  July,  1978. 

A  total  of  three  serological  surveys  have  been  made  in  Belterra. 

The  first  was  conducted  in  1972,  and  sampled  161  people  over  the 
age  of  10  years  old  (y.o.).  No  information  is  available  as  to  the 
sampling  frame  used  or  criteria  for  selection.  Consequently,  it 
cannot  be  assumed  that  these  sera  were  collected  in  any  type  of 
systematic  fashion. 

In  April,  1978,  during  the  peak  of  the  MAY  epidemic,  another 
serological  survey  was  made.  This  sample  contains  327  sera 
representing  all  age  groups  and  all  residential  areas  of  Belterra. 
While  no  formal  sampling  frame  was  established,  the  sample  was 
taken  in  an  attempted  random  fashion. 

The  final  survey  was  made  during  July,  1978,  after  the  end  of  the 
MAY  outbreak.  This  was  a  stratified  random  sample  of  10^.  of  all 
occupied  households  in  Belterra.  The  sample  was  drawn  by  first 
numbering  all  occupied  houses  by  residential  area  in  Belterra,  then 
randomly  selecting  households.  The  number  of  households  sampled  in 
each  residential  area  was  determined  by  the  percent  of  households 
which  that  area  contributed  to  the  total  of  occupied  households. 
Houses  within  each  residential  area  were  then  selected  using  a  table 
of  random  numbers.  All  peoples  who  occupied  the  selected  houses 
were  bled  and  questioned  for  a  history  of  illness  compatable  with 
MAY  virus.  People  not  at  home  during  the  initial  visit  were 
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FIGURE  16.  Schematic  summary  of  the  viremia,  temperature  and  clinical 
manifestations  of  Mayaro  virus  infection  as  recorded  from  patients 
infected  during  an  epidemic  in  Belterra,  Para,  Brazil,  1978. 
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FIGURE  17.  Diagram  of  the  epidemic  curve  for  an  outbreak  of  Mayaro 
virus  which  occurred  in  Beiterra,  Para,  Brazil,  1978. 


actively  sought,  and  several  return  visits  were  made  when  necessary 
to  complete  the  sample. 

Sera  collected  in  each  survey  were  tested  for  the  presence  of 
hemagglutination  inhibiting  (HI)  antibody  to  MAY  virus.  Samples  of 
both  positive  and  negative  results  were  confirmed  by  neutralization 
tests  using  Vero  cell  cultures. 

PROGRESS:  Figure  1 7  presents  a  diagram  of  the  epidemic  curve  for 
the  outbreak  of  MAY  virus  in  Bel  terra.  Results  presented  here  are 
based  on  clinical  histories  from  3941  people  questioned  during  the 
last  week  of  May,  and  for  the  June  cases  from  the  10%  stratified 
random  sample  made  in  July.  These  results  indicate  that  the 
epidemic  began  in  December,  1977,  reached  its  peak  in  April,  and 
the  last  cases  were  detected  during  June,  1978.  Active 
transmission  spanned  a  period  of  approximately  6  months.  The  first 
cases  recorded  lived  at  Road  8,  and  a  total  of  807  (20.4%) 
clinical  cases  were  recorded. 

Figure  18  presents  a  summary  of  the  number  of  people  found  with  HI 
antibody  to  MAY  virus  by  age  groups.  Clearly  all  ages  were 
exposed  to  MAY  virus  infection,  and  no  single  age  group  contributed 
prominently  to  the  epidemic. 

Cases  of  MAY  virus  infection  were  seen  in  all  residential  areas  of 
Belterra;  however,  as  shown  in  Figure  19,  the  greatest  concentration 
of  cases  was  located  in  the  eastern  portions  of  Belterra.  Mayaro 
virus  antibody  prevalence  rates  decreased  from  east  to  west,  and 
were  lowest  in  the  northwest  corner  of  Belterra,  where  the 
population  density  was  greatest,  and  where  housing  was  farthest  from 
the  forest. 

In  general,  the  closer  that  housing  was  to  the  forest,  the  higher 
the  antibody  prevalence  rates.  Characteristic  of  this  association 
is  the  higher  prevalence  rates  along  Roads  7  and  10,  where  the 
population  density  is  low  and  houses  are  immediately  adjacent  to  the 
forests,  as  compared  to  Vila  129,  also  in  the  southeast  part  of 
Belterra,  but  where  houses  are  clustered  together  and  the  forest  is 
not  directly  adjacent  to  most  houses.  This  association  was  not 
upheld  everywhere,  though.  In  Sitio  Chagas,  a  small  residential 
area  in  the  northwest  corner  of  Belterra,  houses  are  sparse  and  in 
close  contact  to  the  forest;  however,  this  area  has  a  very  low 
prevalence  rate  of  antibody  to  MAY  virus. 

The  serological  survey  made  in  1972  found  a  10.3%  age  adjusted  HI 
antibody  prevalence  rate  to  MAY  virus  in  residents  of  Belterra 
above  the  age  of  10.  Since  no  one  questioned  during  the  house-to- 
house  survey  made  during  May  recalled  any  illness  clinically 
similar  to  the  present  MAY  virus  syndrome,  results  of  the  1972 
survey  may  serve  as  an  estimate  of  the  pre-existing  MAY  virus 


antibody  prevalence  rate. 


The  survey  made  in  April,  1978,  at  the  peak  of  the  epidemic,  found 
an  age  adjusted  HI  antibody  prevalence  rate  of  about  22%,  in  which 
males  out  numbered  females  about  2:1.  The  July  survey,  made  after 
the  epidemic  had  subsided,  showed  29.7%  of  the  population  possessed 
antibody  to  MAY  virus,  and  the  male  to  female  ratio  was  nearly 
equal.  Table  43  presents  a  summary  of  all  3  serological  surveys 
made  in  Bel  terra. 

Based  on  the  results  of  the  serological  surveys,  the  house-to-house 
survey  and  the  census  data  previously  presented,  an  estimation  of 
clinically  apparent  and  inapparent  attack  rates  can  be  made.  Of 
the  3941  people  questioned  in  May,  807  (including  20  estimated  for 
June)  had  a  history  of  clinical  illness  compatable  with  MAY  virus 
infection.  The  serological  survey  made  in  July  estimated  that 
29.7%  of  the  population  had  antibody  to  MAY  virus*,  however,  the 
survey  made  in  1972  showed  that  10.3%  of  the  population  over  the 
age  of  10  y.o.  had  MAY  virus  antibody  at  that  time.  Consequently, 
a  portion  of  the  positive  reactions  in  the  July  survey  represent 
pre-existing  antibody. 

Since  the  1972  survey  only  included  people  over  the  age  of  10  y.o., 
this  must  be  taken  into  account  when  comparing  the  different 
surveys.  If  it  is  assumed  that  the  3941  people  questioned  have  the 
same  age  distribution  as  the  total  census  for  Belterra,  then  70.3%, 
or  2770  people  questioned  were  over  10  y.o.  The  July  serological 
survey  found  a  29.7%  age  adjusted  antibody  prevalence  rate  to  MAY 
virus,  or  823  of  the  2770  people  over  10  y.o.  would  have  had  MAY 
antibody.  Of  these  2770  people,  10.3%,  or  285,  would  have  had  pre¬ 
existing  antibody  to  MAY  virus.  Thus  538  (823-285=538)  people 
would  be  new  cases  in  the  1978  population  over  the  age  of  10  y.o. 

This  assumes  that  those  under  10  y.o.  in  the  1972  sample  had  the 
same  pre-existing  antibody  prevalence  rate  (10.3%)  as  did  those 
above  10  y.o.  If,  however,  no  one  under  10  y.o.  had  antibody  to 
MAY  virus  in  the  1972  population,  then  this  entire  segment  would 
all  be  susceptible  prior  to  the  1978  outbreak.  The  1972  survey  was 
made  approximately  5  1/2  years  prior  to  the  1978  survey, 
consequently  55%  of  the  current  11-20  y.o.  age  group  would  be 
susceptible.  A  total  of  1121  people  would  be  in  this  age  group, 
and  55%  of  this  equals  617  people.  These  subtracted  from  2770 
people  over  age  10  y.o.  leaves  2153  persons  at  risk  of  previous 
antibody,  of  whom  10.3%,  or  222  persons,  would  have  pre-existing 
antibody. 

The  previous  estimate  of  823  serologically  positive  cases,  minus 
those  with  pre-existing  antibody,  should  equal  the  total  number  of 
cases  of  MAY  virus  which  occurred  during  the  outbreak.  If  those 
under  10  y.o.  in  1972  had  the  same  antibody  prevalence  rate  as  the 


PERCENT  WITH  Ml  ANTISOOV  TO 
MAYARO  VIRUS 


FIGURE  18.  Dlagramatlc  sumnary  of  the  percent  of  people  found  with 
hemagglutination  Inhibiting  (HI)  antibody  to  Nayaro  virus  by  age  as 
seen  among  327  people  resident  In  Belterra,  Para,  Brazil,  1978. 
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FIGURE  ]%  Distribution  of  hemagglutloatlon  Inhibiting  antibody  to 
Nayaro  virus  among  68  households  randomly  selected  from  all 
residential  areas  of  Bel  terra.  Para.  Brazil.  July.  1978. 
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rest  of  the  population,  then  285  would  have  had  pre-existing 
antibody  in  1978  and  538  would  represent  new  cases  above  age  10 
y.o.  If  those  under  10  y.o.  in  1972  had  no  antibody,  then  222 
would  have  had  pre-existing  antibody  in  1978,  and  601  would 
represent  new  cases  in  the  above  10  y.o.  age  group.  Thus  the  range 
of  new  cases  above  10  y.o.  in  1978  is  538  to  601. 

If  the  807  clinical  histories  consistent  with  MAY  virus  infection 
are  distributed  by  age  as  is  the  population  of  Bel  terra  as  a  whole, 
then  70.3%  of  these  807  should  be  above  age  10  y.o.,  or  567  persons. 
The  estimate  for  the  clinically  apparent  attack  rate  is  then  this 
value  divided  by  the  estimates  of  new  cases  just  calculated  based  on 
serology,  or  567/538=100;,  and  567/601=94.3%.  Thus,  within  the 
above  10  y.o.  age  groups,  at  least  94%  of  the  cases  of  MAY  virus 
which  occurred  during  the  Bel  terra  outbreak  were  clinically 
apparent.  Table  44  presents  a  sunmary  of  these  attack  rates. 

Among  the  under  10  y.o.  age  groups,  26%  were  serologically  positive 
in  1978.  A  total  of  1171  (2941-2770=1171)  persons  are  in  this  age 
group,  consequently  304  (26%  of  1171)  cases  must  have  occurred. 

This  value,  added  to  the  above  estimates  for  the  over  10  y.o.  ages, 
represents  the  new  cases  of  the  population  as  a  whole.  Thus,  304+ 
538=842,  and  304+601=905,  are  estimates  of  the  range  of 
serologically  positive  now  cases  of  MAY  virus.  Since  807  represents 
the  total  of  clinically  ill  persons,  then  807/842=95.8%  and  807/905- 
89.2%  are  estimates  for  the  clinically  apparent  attack  rate  of  MAY 
virus  for  all  ages  seen  in  the  Belterra  outbreak.  Table  presents 
a  summary  of  these  attack  rates. 

In  summary,  the  clinically  apparent  attack  rate  for  MAY  virus  in 
the  whole  population  as  studied  in  Belterra  was  between  89  and  96%, 
and  in  the  segment  above  10  y.o.,  the  clinically  apparent  attack 
rates  was  between  94  and  100%.  Most  inapparent  cases  were  then  in 
the  under  10  y.o.  age  group. 

A  second  estimate  of  the  clinical  attack  rate  can  be  made  based  on 
the  April  serological  survey.  In  this  survey,  327  persons  were 
questioned  and  bled,  and  71  were  found  to  have  antibody  to  MAY 
virus.  If  70.3%  of  the  327  are  above  the  age  of  10  y.o.,  then  230 
may  have  had  pre-existing  antibody.  As  measured  in  the  1972  survey, 
10.3%  of  those  above  10  y.o.  had  antibody  to  MAY  virus, 
consequently  24  of  the  230  would  be  expected  to  have  pre-existing 
antibody.  The  results  of  questions  directed  at  past  clinical 
illness  are  summarized  in  Table  -In,  and  of  the  71  antibody  positive 
persons  questioned,  23  were  a'^ymptomat  ic.  This  is  very  close  to 
the  24  expected  to  have  pre-existing  antibody,  and  these  results 
then  also  suggest  a  very  high  apparent  attack  rate. 


TABLE  31.  Census  of  Belterra,  Para,  Brazil  by  district  and  sex 
December,  1977. 


District 

Male 

Female 

Total 

Road  1 

180 

172 

352 

Road  2 

46 

44 

90 

Road  4 

247 

273 

520 

Road  6 

42 

39 

81 

Road  7 

42 

34 

76 

Road  8 

446 

453 

899 

Road  10 

75 

96 

171 

Sitio  Chagas 

44 

52 

96 

Vila  Americana 

20 

26 

46 

Vila  Mensalista 

34 

38 

72 

Vila  Operario 

100 

132 

232 

Vila  Piquia 

105 

82 

187 

Vila  Sondagem 

63 

75 

138 

Vila  Tin^o 

61 

70 

131 

Vila  Viveiro 

272 

294 

566 

Vila  129 

201 

225 

426 

TOTAL 


1978 


2105 


4083 


TABLE  32.  Age  and  sex  distribution  of  residents  of  Roads  1,  2  and  4 
based  on  the  December,  1977  census  of  Bel  terra,  Para,  Brazil. 


Age 

Locality 

Road  1 

Road  2 

Road  3 

M 

F 

M 

F 

M 

F 

0  -  5  yrs 

23 

29 

4 

4 

40 

34 

6  -  10 

33 

32 

5 

5 

40 

49 

11  -  20 

55 

40 

11 

14 

71 

80 

21  -  30 

20 

22 

12 

7 

32 

36 

31  -  40 

14 

16 

2 

1 

18 

23 

41  -  50 

14 

15 

5 

8 

16 

23 

>  50 

21 

18 

7 

5 

30 

28 

TOTAL 

180 

172 

46 

44 

247 

273 

TOTAL 


352 


90 


520 


TABLE  33.  Age  and  sex  distribution  of  residents  of  Roads  6,  7 
8  based  on  the  December,  1977  census  of  Belterra,  Para,  Brazil 


Locality 

Age 

Road 

1 

Road 

2 

Road 

3 

M 

F 

M 

F 

M 

F 

0  -  5  yrs 

6 

6 

3 

1 

50 

57 

6  -  10 

7 

10 

2 

2 

80 

72 

11  -  20 

13 

7 

14 

11 

no 

121 

21  -  30 

2 

5 

14 

10 

78 

68 

31  -  40 

6 

4 

2 

6 

34 

42 

41  -  50 

- 

3 

3 

2 

34 

43 

>  50 

8 

4 

4 

2 

60 

50 

TOTAL 

TOTAL 

.\2 

81 

39 

42 

76 

34 

446 

899 

453 

TABLE  34.  Age  and  sex  distribution  of  residents  of  Road  10,  Sitio 
Chagas  and  Vila  Americana  based  on  the  December,  1977  census  of 
Bel  terra,  Para,  Brazil. 


Age 

Localities 

Road  10 

Sitio  Chagas 

Vila 

Americana 

M 

F 

M 

F 

M 

F 

0  ■ 

-  5  yrs 

16 

14 

8 

9 

2 

1 

6  ■ 

•  10 

13 

15 

10 

14 

3 

3 

11  ■ 

■  20 

21 

29 

8 

9 

7 

11 

21  ■ 

•  30 

9 

12 

9 

6 

3 

6 

31  - 

•  40 

3 

9 

- 

5 

2 

2 

41  - 

•  50 

6 

8 

4 

3 

3 

2 

> 

50 

7 

9 

5 

6 

- 

1 

TOTAL 

75 

96 

44 

52 

20 

26 

TOTAL 


171 


96 


46 


TABLE  35.  Aae  and  sex  distribution  of  residents  of  Vila  Mensallsta, 
Vila  Operaria  and  Vila  Piquia  based  on  the  December,  1977  census  of 
Belem,  Para,  Brazil. 


Age 

Localities 

Vila  Mensallsta 

Vila  Operario 

Vila 

Piquia 

M 

F 

M 

F 

M 

F 

0-5  yrs 

3 

3 

15 

16 

13 

17 

6  -  10 

2 

5 

22 

31 

14 

13 

11-20 

7 

12 

28 

35 

28 

23 

21  -  30 

1 

3 

11 

17 

24 

12 

31  -  40 

8 

6 

4 

17 

9 

2 

41  -  50 

5 

6 

11 

7 

10 

6 

>  50 

8 

3 

9 

9 

7 

9 

TOTAL 

34 

38 

100 

132 

105 

82 

TOTAL 


72 


232 


187 


TABLE  36.  Age  and  sex  distribution  of  residents  of  Vila  Sondagem, 
Vila  Timoo  and  Vila  Viveiro  based  on  the  December  1977  census  of 
Belterra,  Para,  Brazil. 


Localities 


Age 

Vila  Sondagem 

Vila  Tirabo 

Vila  Vi  veil 

M 

F 

M 

F 

M 

F 

0  -  5  yrs 

8 

9 

5 

7 

38 

40 

6  -  10 

9 

11 

7 

8 

53 

40 

11  -  20 

20 

21 

24 

30 

74 

107 

21  -  30 

5 

9 

8 

7 

40 

44 

31  -  40 

7 

8 

2 

7 

19 

23 

41  -  50 

6 

7 

7 

4 

24 

18 

>  50 

8 

10 

8 

7 

24 

22 

TOTAL 

63 

75 

61 

70 

272 

294 

TOTAL 


138 


131 


566 


TOTAL 


of  residents  of  Vila  129  based 


;erra , 


Para,  Brazil. 


Vila  129 

F 

39 

29 

62 

35 

20 

21 

18 

225 

426 


TABLE  38.  Place  of  birth  of  full  and  part  time  residents  of 
Belterra  by  age  group  as  sampled  by  a  stratified  random  sample  of 
10%  of  the  occupied  houses  in  Belterra,  Para,  Brazil,  July,  1978. 


Age  group 

Place  of  birth 

Bel  terra 

Elsewhere 

Total 

0  -  10 

103  (77%) 

30  (23%) 

133 

11  -  20 

82  (71%) 

34  (29%) 

116 

21  -  30 

30  (67%) 

15  (33%) 

45 

31  -  40 

15  (50%) 

15  (50%) 

30 

41  -  50 

3  (11%) 

24  (89%) 

27 

>  50 

1  (  2%) 

45  (98%) 

46 

234  (59%) 

163  (41%) 

397 

I 


TABLE  39.  Number  of  households  sampled  and  the  number  of  full  time 
residents  per  district  and  average  number  of  residents  per 
household  by  district  In  Belterra,  Para,  Brazil  based  on  a  10% 
stratified  random  sample  of  occupied  household. 


District 

#  Households 

#  Residents 

7 

Road  1 

6 

34 

5.7 

Road  2 

1 

7 

7.0 

Road  4 

9 

36 

4.0 

Road  6 

2 

12 

6.0 

Road  7 

1 

7 

7.0 

Road  8 

16 

80 

5.0 

Road  10 

3 

13 

4.3 

Sitio  Chagas 

2 

4 

2.0 

Vila  Americana 

1 

3 

3.0 

Vila  Mensallsta 

3 

11 

3.7 

Vila  Operarlo 

3 

19 

6.3 

Vila  Piquia 

4 

19 

4.8 

Vila  Sondagem 

2 

7 

3.5 

Vila  Timbo 

2 

12 

6.0 

Vila  Viveiro 

8 

53 

6.6 

Vila  129 

7 

47 

6.7 

TOTAL 


70 


364 


5.2 


I 


TABLE  40.  Clinical  signs  and  symptoms  among  43  patients  from  whom 
Mayaro  virus  was  isolated  during  the  epidemic  in  Belterra,  Para, 
Brazil,  1978. 


Signs  or  symptoms 


% 


Fever  100 

Arthralgia  100 

Headache  86.0 

Chills  81.3 

Myalgia  74.4 

Exanthema  66.6 

Enlarged  lymph  nodes  52.6 

Dizziness  41.8 

Eye  pain  37.8 

Nausea  34.8 

Articular  edema  23.0 

Vomiting  20.9 

Photophobia  6.9 

Diarrhea  4.6 


Conjunctival  congestion 


2.3 


TABLE  42.  Number  of  bloods  titrated  for  Mayaro  virus  and  the 
maximum  titers  found  by  days  after  onset  of  symptoms  as  sampled 
during  an  outbreak  in  Belterra,  Para,  Brazil,  1978. 


Days  of 
illness 

Maximum 

titer* 

Number 

tested 

1 

9.0  X  10^ 

14 

2 

6.0  X  103 

4 

3 

2.2  X  103 

2 

4 

none  tested 

0 

*  Plaque  forming  units/0.1  ml  on  Vero  cells. 


1 


1 


TABLE  43.  Sumnary  of  HI  antioooy  prevalence  rates  to  Mayaro  virus 
among  humans  residing  in  Be  I  terra,  rara,  Brazil  prior  to,  during 
and  after  an  epidemic  of  Mayaro  virus  disease.  All  rates  are  age 
adjusted  to  the  1977  census  of  Bel  terra. 


Date 

Sample  size 

Mayaro  aby  prevalence  rate 

Males 

Females 

Total 

Nov-Dec  1972 

164* 

10. 8« 

3.2X 

10.3% 

April  1978 

327+ 

32.  OX 

15. 3X 

22.3% 

July  1978 

365+ 

32. 2X 

26.1% 

29.7% 

*  Included  only  above  age  10  yrs.;  rates  based  on  these 
denominators. 

+  All  ages  included. 


TABLE  A4,  Maximum  and  minimum  clinical  attack  rates  of  Mayaro 
virus  Infection  among  persons  over  10  y.o.  In  Belterra,  Para, 
Brazil,  1978. 


Assumed 

prevalence  of  antibody 
In  <  10  y.o.  In  1972 

Estimated 
seroconversions 
In  1978 

Actual 
clinical 
Incidence 
In  1978 

Resulting 
clinical 
attack  rate 

10.3% 

538 

567 

100% 

0  % 

601 

567 

94.3% 

\ 


s  » 

*  I 


TABLE  4S.  Maximum  and  minimum  clinical  attack  rates  of  Mayaro 
virus  infection  among  all  persons  In  Belterra,  Para,  Brazil,  1978. 


Assumed 

prevalence  of  antibody 
in  <  10  y.o.  in  1972 

Estimated 
seroconversions 
in  1978 

Actual 
clinical 
incidence 
in  1978 

Resulting 
clinical 
attack  rate 

10.3* 

842 

807 

95.8* 

0  * 

905 

807 

89.2* 

J? 


«-  <  .1 


TABLE  46  Clinical  manifestations  among  71  persons  with 
hemagglutination  inhibiting  antibody  to  Mayaro  virus  as  found  in  a 
sample  of  327_persons  interviewed  and  bled  during  April,  1978  in 
Bel  terra,  Para,  Brazil, 


Clinical  manifestations  No.  of  persons 

Fever  and  arthralgia  with  or 
without  rash 

Fever  and  rash  4 

Fever  4 

Asymptomatic  23 


5.  Vectors  in  the  epidemic  cycle 


OBJECTIVE:  The  entomological  program  was  designed  to 
systematically  sample  hematophagous  insects  feeding  on  man  by 
multiple  sampling  techniques  in  an  effort  to  identify  the  principal 
epidemic  vectors  of  Mayaro  (MAY)  virus.  Additional  objectives  of 
the  entomological  program  were; 

a.  to  identify  and  quantify  the  hematophagous  insects 
feeding  on  man  in  both  the  peridomiciliary  and  working 
syl vatic  environment. 

b.  to  establish  systematic  collecting  programs  and  thereby 
define  the  temporal  and  spatial  distribution  of  MAY 
virus  vectors. 

c.  to  define  the  geographical  distribution  and  ecological 
association  of  MAY  virus  vector(s). 

d.  to  identify  the  epidemic  vector(s)  of  Yellow  Fever  (YF) 
virus  and,  if  possible,  characterize  it  as  above  as 
well . 

BACKGROUND:  Simultaneous  epidemics  of  MAY  and  YF  viruses  occurred 
in  Belterra,  Para,  Brazil.  Both  epidemics  began  in  December,  1977. 
The  YF  virus  epidemic  was  halted  by  a  vaccination  campaign  which 
began  in  mid-April,  and  the  last  human  case  was  seen  at  the  end  of 
April.  The  MAY  virus  epidemic  ended  in  June,  with  the  last  human 
case  seen  at  that  time.  A  description  of  the  environs  of  Belterra 
has  been  presented  previously,  as  has  a  summary  of  the  clinical 
manifestations  of  MAY  virus  infection  in  man.  This  section  deals 
with  investigations  of  potential  insect  vectors  of  both  YF  and  MAY 
viruses  in  the  Belterra  epidemics. 

DESCRIPTION:  A  field  entomological  surveillance  program  was 
initiated  in  April,  1978  to  assist  with  an  epidemiological  study  of 
an  ongoing  epidemic  of  MAY  and  YF  viruses.  Several  habitats  were 
sampled  to  determine  the  ecological  associations  of  potential 
insect  vectors  in  Belterra.  Those  habitats  can  be  considered  under 
two  separate  headings,  the  peridomiciliary  habitat  and  the  sylvatic 
habitat. 


Peridomiciliary  Insect  Survey:  From  the  initial  epidemiological 
survey  information  on  curVent  cases  of  MAY  and  YF  viruses  within 
the  Belterra  rubber  plantation,  it  was  apparent  that  all  members  of 
the  family  unit  were  at  risk  of  infection,  and  that  both  diseases 
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were  widespread  and  not  limited  to  a  single  definable  ecological 
or  geographical  area.  Therefore,  it  was  felt  that  the  perldomestic 
environment  should  be  methodically  sampled  throughout  Belterra. 
Perldomestic  surveys  were  conducted  primarily  during  the  day,  with 
limited  sampling  at  night.  In  each  area,  paired  habitats  were 
chosen  to  be  sampled.  One  site  was  chosen  within  10  to  20  meters 
of  the  house,  and  the  other  approximately  50  to  100  meters  away  In 
the  forests.  A  team  of  two  collectors  was  located  at  each  site. 

"Perldomicillary"  captures  were  defined  as  those  collections 
conducted  within  10  to  20  meters  of  the  house,  normally  to  the  rear 
of  the  house  within  the  confines  of  backyard.  "Perldomlclllary- 
forest"  collections  were  defined  as  those  collections  conducted 
between  50  to  100  meters  from  the  rear  of  the  house,  thus  generally 
penetrating  into  the  leading  edge  of  the  denser  growth  of  the 
rubber  tree  plantation.  Ecologically  these  two  habitats  shared 
some  similar  features,  for  example,  rubber  trees  were  present  In 
both  habitats.  However,  fewer  rubber  trees  were  observed  within 
20-30  meters  of  the  houses  and  most  active  households  which 
bordered  on  the  plantation  had  cleared  the  lower  secondary  forest 
growth  near  their  houses.  Banana  and  mango  trees  were  generally 
associated  with  most  of  the  households,  and  were  not  present  In  the 
forests.  "Domiciliary"  captures  were  defined  as  those  collections 
conducted  within  a  house. 

Night  Time  Surveys:  Surveillance  for  nocturnally  active 
hema topbag6us~Tnsec ts  In  the  domiciliary  and  perldomiclllary 
environments  was  accomplished  by  utilizing  two  survey  techniques: 
man-biting  captures  and  GDC  light  tr’aps. 

Domiciliary  surveys  were  conducted  periodically  from  Ul;00-24:00 
hrs  or  from  21:00  to  03:00  hrs  by  2  man  capture  teams.  Landing- 
counts  were  recorded  for  50  minutes  per  hour  capture  time.  In  each 
collection  area,  3  to  4  house  were  surveyed  simultaneously  by 
different  teams.  Normally,  night  time  collections  were  made  In 
households  where  cases  of  MAY  virus  had  been  reported. 

Nocturnal  peridomici 1 iary  surveys  were  accomplished  by  placing  COG 
light  traps  near  the  houses  and  in  adjacent  forested  areas.  When 
feasible,  the  light  traps  were  baited  with  dry  Ice. 

Forest  Insect  Survey:  Sylvati*  man-biting  insects  were  surveyed  In 
two  drstlncf  ecoTo'gical  habitats;  the  rubber  tree  plantation  on  the 
plateau  and  the  lowland  ilistiirbed  primary  forest  nearer  to  the 
Tapajos  River.  These  areas  have  been  described  earlier. 

In  the  rubber  tree  plant.\Mon  three  tree  towers  were  constructed  In 
order  to  survey  the  canopy  insect  fauna.  Selection  of  tree  tower 
locations  was  base'd  on  ttie  following  «  !  iteria;  (1)  type  of  trees 
available  for  tower  const ruct \on;  (?)i.ens1ty  of  tree  canopy; 


{3|  being  representative  of  the  surrounding  forest  habitat;  and 
(4)  located  within  the  forest  areas  where  rubber  latex  was  being 
actively  removed. 


When  possible,  concurrent  collections  in  the  canopy  and  at  ground 
level  were  made,  each  by  two  man  collection  teams.  Teams  were 
rotated  hourly  to  prevent  fatigue  and  differences  in  capture  team 
efficiency.  Captures  were  normally  performed  from  07:00  to  14:00 
and  16:00  to  18:00  hrs  each  capture  day;  however,  a  rigid  program 
was  impossible  due  to  uncontrollable  enviroi  -  mtal  and  personnel 
problems. 

In  the  lowland  forested  area,  two  tree  towers  were  constructed.  One 
was  located  on  the  plain  of  the  lowland  area  while  the  second  was 
constructed  on  the  mid-slope  down  from  the  rubber  plantation 
plateau.  Paired  canopy-ground  captures  were  performed  at  each  tree 
tower  from  07:00  to  18:00  hrs  with  50  minute  capture  periods. 

Ground  and  canopy  teams  were  rotated  hourly  as  stated  previously. 

Processing  of  Insects  Specimens:  Preliminary  processing  of  insect 
specimens  was  conducted  aT the*  field  station  laboratory,  with 
definitive  taxonomical  determination  and  virus  isolations  being 
performed  at  the  Institute  Evandro  Chagas. 

In  order  to  prevent  excessive  mortality  of  collected  insects  and 
possible  loss  of  viral  infectivity,  insect  collections  were 
gathered  periodically  from  all  the  field  sites.  Periodic  gathering 
of  the  material  also  facilitated  the  routine  processing  of  the 
insects.  At  the  field  lab,  all  Insects  were  lightly  anesthetized 
with  chloroform,  organized  in  general  taxonomic  groups  and  placed 
in  labeled  vials.  Information  pertaining  to  each  collection  period 
was  recorded  on  a  field  control  form.  Labeled  vials  containing  the 
specimens  were  immediately  placed  into  liquid  nitrogen  and  were 
transferred  to  Belem  laboratories  biweekly.  Timely  handling  and 
rapid  preliminary  processing  of  field  specimens  collected  during 
the  epidemic  was  a  major  task  and  could  not  have  been  accomplished 
without  an  efficient  and  dedicated  Brazilian  staff. 

At  the  Belem  laboratories,  insects  were  identified  to  species  and 
pooled  for  virus  isolations.  Sandflies  (Psychodidae)  and 
Cul icoides  (Ceratopogonidae)  were  grouped  into  pool  sizes  of  bO, 
while  the  pool  size  for  mosquitoes  (Culicidae)  was  50  individuals 
or  less.  Mixed  pooling  of  insects  from  different  collecting  areas 
was  performed  when  the  areas  were  in  close  proximity,  or  when  only 
a  few  specimens  of  a  species  were  represented.  Blood  engorged 
insects  were  identified;  however,  these  where  not  pooled  for  virus 
isolation  attempts. 

PROGRESS:  The  entomological  survey  at  Relterra  was  initiated  on  5 
April  1978  and  was  concluded  on  5  May  1978.  During  this  time 
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approximately  12,000  man  biting  insects  were  captured  and 
identified;  however,  only  9,000  ca.  of  these  were  processed  for  virus 
isolations  due  to  the  presence  of  undigested  blood  in  many  of  the 
insects.  Table  47  presents  a  summary  of  the  species  collected  and 
the  number  of  groups  tested  for  virus  isolations. 

Virus  isolations  were  obtained  from  3  species  of  mosquitoes: 
Haemagogus  janthinonys,  Limatus  flavisetosus,  and  Wyeomyia 
aporonoiw;  however,  or’  Haemagogus"  jantl^inomys  yielded  isolates  of 
YF  and  May  virus.  Wyet-'iyfa  complex  vTruses  were  isolated  from 
Limatus  flavisetosus  and  Wyeomyia  aporonoma. 

Table  48and  Figure  20presents  a  summary  of  the  geographical 
distribution  and  ecological  association  of  arbovirus  .solates  from 
Haemagogus  janthinoinys.  A  review  of  the  data  shows  that  only  2  MAY 
virus  isolates  were  obtained  from  H.  janthinoi^s  collected  from  the 
peridomiciliary  environs,  while  7  "strains  of  MAY  virus  were 
isolated  from  H.  janthinomys  in  the  forest  further  f i om  the 
residential  areas^  Seventy  seven  percent  (7/9)  of  the  MAY  virus 
isolates  were  obtained  from  Haemagogus  captured  in  the  forest 
canopy.  It  is  also  noted  that  approximately  501.  (5/9)  of  the  MAY 
virus  isolates  were  recovered  from  the  disturbed  primary  forest 
lowland  bordering  the  rubber  plantation  plateau. 

Only  two  strains  of  YF  virus  were  isolated  from  64  pools  of 
Haemagogus  tested.  One  isolate  was  obtained  from  collections  made 
in  the  rubber  plantation  forest,  while  the  second  isolate  was  from 
collections  made  in  the  lowland  forest  area.  Table  48  indicates 
that  the  isolates  of  MAY  and  YF  viruses  appear  to  be  dispersed  in  a 
variable  pattern  among  the  areas  sampled. 

Tables  49 and  50  summarize  the  nocturnal  endophilic  and  exophilic 
insect  species  captured  in  the  domiciliary  environs.  Culex 
fatigans  and  Culex  corona  tor  were  the  most  abundant  marv-lnTing 
mosquito  species  collected  within  the  houses,  with  Cul^  fatigans 
being  the  dominate  of  the  two.  Five  endophilic  species  oT 
mosquitoes  (Culex,  2  spp;  3  spp.)  were  recorded  during 

the  epidemic. 

Light  trap  collections  yielded  7  species  of  mosquitoes  in  the 
peridomiciliary  environs.  Culex  corona  tor  was  the  dominate 
mosquito  species  collected.  Hah-blting  and  light  trap  collections 
indicated  that  the  mosquito  populations  were  low  in  the 
peridomiciliary  environs. 

Figures  21,22,  23  and  Table  51  show  the  diurnal  activity  for 
Haemagogus  janthinomys  in  different  geographical  and  ecological 
areas,  whicn  "represent  paired  canopy  and  ground  captures  for 
Haemagogus.  Figure  21  indicates  that  the  forested  areas  near  the 
house  exh i b i ted  significantly  higher  numbers  of  Haemagogus  than  the 
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■47.Sun»i«ry  H»t  of  Insects  species  tested  tor  virus  Isolation  attcMpts  collected 
during  a  Yellow  Fever  and  Nayaro  epldenlc  In  Belterra.  Para.  Brail  I,  1978. 


list  of  species 

No.  of  pools 

Total  No.  tested 

Vims 

Isolation  — 

Cullcoldes  paraensis 

50 

2.303 

rrSatus  durhaSTT 

61 

1.472 

CuUcoTdes  ~ireT>rripalpls 
Raemagogus  Janihlnonivs 

24 

62 

758 

732 

(2)  Yellow 
Fever 

LImatus  flavisctosus 

32 

720 

(9)  Nayaro 

0)  Myeomyla 

comples 

Phlebotofflus  spp. ■ 

18 

574 

a^ronoma 

23 

472 

(1)  Hyeomyla 

Cullcoldes  spp. 

II 

425 

tuTeV  'rCT  corona  tor 

22 

378 

'Frichoprosopon  diaitatum 
OTeihc  ISabT^cl  iFaTTor 

14 

244 

9 

174 

Wycomvia  ipp. 

SaKftnc  (Sab)  qiaucodatmon 
tuFea  fcj’Tat loans 
tSTe*  (H)  sp. 

11 

12 

1 

4 

158 

157 

20 

26 

tuTIcolifes  Insinuatus' 

4 

123 

forcIpomyTa 

Haemagogus  leucocelaneus 
Fsorophora  cTn.jiiTaTa" 

Sabekne  cbTb'rop^erus 

SaVe’ibe  (Sab)  cyaneus 

6 

1 

6 

2 

1 

88 

6 

77 

12 

8 

Sabe'tlie  (Sab)  quasTcyaneus 

14 

102 

SabelKc  (Sab)  sbannoniT 

3 

13 

ORhojiodomyTa  TTscipes 
>'ofes  prow)  seplcnisTrTatut 
XeSes  (How)  fulVTTbbraa 

3 

1 

1 

69 

5 

6 

Total  species  -  26 


Total  grupos  •  }96 

Total  mosquito-  9,122 
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Table  49..  Surniary  of  peridomiciliary  COC  light  trap  collections  conducted  during  Yellow  Fever  and  Mayaro 
epidemics  in  Belterra,  Para,  Brazil,  1978. 


50.  Sii^^ary  nccti-rnal  endojhilic  insects  collected  during  Yellow  Fever  and  Mayaro  epidenics  in 
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riG.  22.  Comparison  of  paired  captures  of  Hacmaoopus  .<  nthinonys  (Oyar) 
conducted  in  the  tree  canopy  and  on  tTie  qrourii..  tollectino 
site  was  located  on  the  midslope  a  plateau  descending  to  a  low 
land  disturbed  primary  forest.  Belterra,  Para,  Brazil,  1978 
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Coraparision  of  paired  captures  of  Hacwagogus  Janthinomys  (flyar) 
conducted  In  the  tree  canopy,  and  on  TKe  ground  in' a  Tow  land 
disturbed  primary  forest  habitat,  Belterra,  Para,  Brazil,  1978 


environs  immediately  ddja^,ent  to  the  houses.  Haemagogus  activity 
near  the  residential  areas  was  quite  low  and  relatively  stable 
throughout  the  times  sampled,  while  Haeniagogus  activity  in  the 
nearby  forested  areas  showed  a  definite  increase  from  midday  to 
approximately  16:00  hours. 

Table  51  summarizes  the  diurnal  activity  pattern  for  the  three  (3) 
tree  towers  located  on  the  rubber  plantation  plateau.  The  number 
of  Haemagogus  captured  from  these  areas  was  low;  however,  the  data 
does  show  a  moderate  increase  of  activity  around  midday,  which 
continued  until  approximately  16:00  hours.  Figures  22  and  23 
illustrated  paired  canopy  and  ground  captures  in  the  taller  lowland 
forest  areas.  Canopy  collections  at  the  two  tree  tower  stations 
exhibited  marked  differences  in  Haemagogus  numbers,  with  station  #5 
showing  the  highest  numbers.  When  comparing  canopy  and  ground 
captures,  it  is  clearly  demonstrated  that  the  canopy  collections 
yielded  significantly  larger  numbers  than  the  ground  collection. 
Temporally,  Haemagogus  activity  as  measured  by  the  ground  captures 
was  relatively  stable,  while  Haemagogus  activity  in  the  canopy 
sharply  increased  at  approximately  1300,  followed  by  a  drop  in 
activity  around  1600  hours. 

COMMENTS:  When  reviewing  the  available  information  concerning  the 
epidemic  in  Belterra,  the  data  strongly  indicates  that  Haemagogus 
janthinomys  was  the  principal,  if  not  only  vector  involved  in  the 
transmission  of  MAY  and  YF  viruses.  A  total  of  9122  hematophagous 
insects  representing  26  species  were  tested  for  virus  isolation 
during  the  epidemic;  however,  all  species  with  the  exception  of 
Haemagogus  were  negative  for  MAY  and  YF  virus. 

Nine  strains  of  MAY  and  2  strains  of  YF  were  isolated  from  64  pools 
of  Haemagogus .  Two  of  the  MAY  isolates  were  recorded  from 
Haemagogus  pools  collected  in  the  peridomiciliary  environment.  The 
Haemagogus  activity  in  this  environment  was  considered  to  be  low  as 
demonstrated  by  man  capture  data  (Fig.  21  ).  Figure  21  shows  that 
Haemagogus  was  only  near  the  houses  (10-20  meters)  during  the  hours 
of  ll:30  to  18:15.  It  is  noteworthy  that  the  appearance  of 
Haemagogus  near  the  domiciliary  areas  corresponds  to  the  peak 
activity  period  for  Haemagogus  in  the  peridomiciliary  forested 
areas.  Therefore,  it  would  be  reasonable  to  assume  that 
transmission  of  MAY  and  YF  viruses  to  man  in  the  peridomiciliary 
environs  w?s  most  likely  to  occur  in  the  latter  portion  of  the  day 
(12:00  to  18:00  hrs).  Due  to  the  low  numbers  of  Haemagogus 
occurring  near  the  residential  areas,  it  would  appear  that  most 
transmission  to  man  was  actually  occurring  in  the  sylvatic 
environment  where  the  highest  activity  of  Haemagogus  was  localized. 

Activity  of  Haemagogus  at  ground  level  in  the  sylvatic  environment 
began  at  apprbximateTy  09:00  hrs  and  continued  until  18:00  hrs, 
with  a  moderate  increase  in  this  activity  occurring  during  the 


latter  part  of  the  day.  Therefore,  any  human  activity  within  the 
syl vatic  habitat  would  be  exposed  to  active  Haemagogus  for  most  of 
the  day,  with  a  moderate  increase  in  exposure  during  the  latter 
part  of  the  day. 

The  vertical  distribution  of  MAY  and  YF  viruses  shows  that  7  MAY 
strains  and  2  YF  strains  were  recovered  from  Haemagogus  inhabiting 
the  forest  canopy,  while  two  MAY  isolates  were  made  from  mosquitoes 
collected  at  ground  level.  These  results  suggest  that  an  arboreal 
host,  perhaps  primates,  might  be  involved  in  the  epizootic  cycle  of 
MAY  virus. 
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6.  Vertebrate  hosts  in  the  epidemic  cycle 
a.  Results  of  a  serological  survey 

OBJECTIVE;  The  objective  of  this  section  is  to  identify  by  a 
serological  survey  those  vertebrate  hosts  which  have  been 
previously  exposed  to  Mayaro  (MAY)  virus.  Species  which  show  a 
substantial  antibody  prevalence  rate  to  MAY  virus  will  be  tested 
further  to  determine  if,  when  infected,  they  produce  a  viremia  of 
sufficient  titer  to  infect  feeding  vectors. 

BACKGROUND:  Simultaneous  outbreaks  of  MAY  and  Yellow  Fever  (YF) 
viruses  occurred  in  Bel  terra  during  19/B.  Yellow  Fever  virus 
activity  was  apparently  halted  following  a  vaccination  campaign 
conducted  during  April.  The  last  human  cases  of  MAY  virus 
infection  were  seen  in  June. 

DESCRIPTION:  Birds  and  small  maiimals  were  collected  from  various 
sylvatic  areas  throughout  Bel  terra  and  the  adjacent  forests.  Birds 
were  collected  in  Japanese  mist  nets  placed  along  cleared  trails  in 
the  forests  as  described  earlier.  Trapping  sites  1-3,  bat  netting 
sites  1-4  and  bird  netting  sites  A,  B,  C  and  F  were  in  the 
overgrown  rubber  plantation  described  earlier  (Figure  ?4  ). 

Trapping  site  4  and  bird  netting  site  0  were  in  the  lowland  forest 
which  also  has  been  described.  Trapping  site  5,  bat  netting  site  5 
and  bird  netting  site  E  were  west  of  the  plantation  in  a  tall 
upland  forest  with  a  20  m  canopy  formed  by  trees  and  palms.  The 
numerous  emergents  have  little  or  no  buttressing  and  were  up  to 
35  m  tall.  Trapping  site  6  and  bat  netting  site  6  were  in  an 
orange  grove  overgrown  with  thick  grass  and  woody  plants  to  2  m  in 
height.  Trapping  site  7  was  in  an  overgrown  field  with  tall  grass 
and  shrubs  to  2  m  tall.  The  field  was  adjacent  to  a  well 
maintained  experimental  citrus  grove.  Trapping  site  B  was  in  a 
secondary  forest  with  many  palms  and  trees  to  15  m  in  height.,  and 
emergents  25  m  tall. 

Mamnvils  w'^re  live  trapped  or  hunted.  All  animals  collected  were 
hied,  with  whole  blood  taken  to  be  processed  for  virus  isolation, 
*f%A  sera  tested  for  antibody  to  various  viruses  by  HI  tests. 

H'rd.  were  generally  bled  with  a  syringe  previously  moistened  with 
.  t  'litetl  heparin  solution.  Mammals  were  bled  without  heparin. 

'  ■  .*.hJ  .imples  were  tested  for  virus  by  intracerebral 

,  n  info  suikling  mice.  Viruses  isolated  wore  identified 
ion  tests.  Sera  were  tested  for  the  presence  of 
a,  ,  ‘indiid  HI  tests  as  described  previously.  Results  of 
'  .  .  invite  sera  wore  confirmed  by  neutralization 


tests  using  Vero  cells  grown  in  microplates. 

PROGRESS:  A  total  of  754  birds  were  collected  from  Belterra  and 
adjacent  areas  during  the  period  15  March  through  21  July  1978. 

The  mist  nets  collected  723  birds  of  20  families  during  53  mornings 
of  netting  (Table  b2) .  Blood  samples  were  also  taken  from  three 
domestic  ducks  and  28  chickens  belonging  to  the  local  inhabitants. 
The  forest  sites  produced  twice  the  number  of  birds  per  netting 
period  as  the  plantation.  The  families  of  Formicari idae  and 
Pipridae  were  the  most  commonly  collected  birds. 

From  15  March  through  25  August  1978,  661  maiimials  of  45  species 
were  collected  (Table  53).  During  81  nights  of  trapping  253 
marsupials,  rodents  and  carnivores  were  captured  (Table  54).  The 
mist  nets  collected  251  bats  during  20  nights  of  netting  (Table  b5). 
Monkeys,  sloths,  armadillas  and  other  mammals  were  collected  by 
hunting.  The  overgrown  Orange  grove  and  field  (sites  6  and  17) 
produced  more  rodents  per  trap  effort  than  the  forest.  The  spiny 
rats  (Proechinjys )  were  the  most  coninon  rodents  in  all  sites  except 
the  orange  grove  and  field  where  7ygodonton\ys  was  the  iiwst  cotiwon. 

Serological  tests  on  specin)ens  from  these  animals  are  still  in 
progress,  and  results  currently  available  are  incomplete.  Antibody 
to  MAY  virus  was  found  in  sera  from  eight  birds,  and  to  Oropouche 
(ORO)  virus  in  sera  from  o4  of  724  birds  (Table  bo) .  No  viruses 
were  isolated  from  737  bird  blood  specimens  tested,  lests  on  sera 
from  332  maiwnals  found  no  antibody  to  Oropouche  virus,  and  only  the 
primates  had  antibody  to  NAY  virus. 

Among  primates,  two  species  were  collected,  a  marmoset.  Cal  1 i thri \ 
ar^enjUta,  and  a  hc'wler  monkey,  Alouatta  belzeb^^l.  Among 
marmosets  collected,  13  (191)  had"  HT  ant ib'ody  to  MAY  virus.  In 
addition,  MAY  virus  was  isolated  form  an  adult  female  marmoset 
collected  near  Vila  129  on  19  April  1978.  Only  two  howler  nwnkeys 
were  collected,  and  of  those,  only  one  had  HI  antibody  to  MAY  virus. 
These  results  are  suninari;ed  in  Table  b-’. 

As  an  interesting  observation,  of  the  69  marmosets  tested,  only  4 
(6%)  had  HI  antibody  to  Yl  virus,  and  only  2  (31.)  had  HI  antibody 
to  ORO  virus.  Of  the  two  howler  monkeys  tested,  one  had  111 
antibody  to  YF  virus,  but  neither  had  antibody  to  ORO.  Table  57 
shows  antibody  prevalence  rates  for  MAY,  YF  and  ORO  viruses  by 
collection  site  in  and  around  Belterra. 

COMMENT:  These  preliminary  results  indicate  that  primates  may  play 
a  role  in  the  amplification  of  MAY  virus  in  nature,  lo  furtiu'r 
clarify  this  point,  experimental  infections  are  tu't'ded  to 
demonstrate  that  primates  circulate'  virus  at  a  sufficient  titer  to 
infect  feeding,  uninfected  vi'efors.  Ihis  is  atti'iiiptc'd  in  a 
subseguent  section  of  tlu-.  report. 


TABLE  52.  Birds  collected  in  mist  nets  at  the  Belterra  study  area 
Para,  Brazil,  15  March  through  21  July  1978. 


Family 

- -  ,  1 

Rubber 
Plantation 
Sites  A,B,C,F 

Lowland 
Forest  Site 

0 

Upland 

Forest  Site 

E 

Total 

Accipitridae 

1 

1 

Columbidae 

8 

3 

4 

Caprimulgidae 

2 

- 

- 

Trochilidae 

1 

- 

- 

Momotidae 

- 

- 

1 

Bucconidae 

- 

3 

- 

Oendrocolaptidae 

8 

8 

61 

Furnariidae 

3 

1 

1 

Formicariidae 

136 

36 

105 

Conopophadidae 

- 

- 

5 

Cotingidae 

4 

4 

2 

Pipridae 

no 

28 

30 

Tyrannidae 

8 

9 

14 

31 

Troglodytidae 

9 

1 

14 

24 

Turdidae 

- 

3 

3 

6 

Virionidae 

2 

- 

5 

7 

Icteridae 

- 

1 

- 

1 

Parulidae 

1 

- 

- 

1 

Thraupidae 

- 

1 

3 

4 

Fringillidae 

62 

7 

13 

82 

Not  Identified 

2 

2 

1 _ 

TOTAL 

357 

105 

261 

723 

Mornings  netted 

35 

1 

13 

53 

( 


TABLE  5i.  Total  inammals  -ollected  in  the  Belterra  study  area, 
Para,  Brazil,  15  March  through  25  August  1978. 


Species _ 

Marsupial ia 

Caluroinys  philander 
Monodelphis  br'evicaudata 
fermosa  plirvidens 
MetacHTrus  nudicaudatus 
bidelphis~marsupialis 
Chiroptera 

Micronycteris  bracyotis 
Tonatia  carrikeri 
T.  silvicola 
^ynostonHJS  latifolius 
Glossophaga  soricina 
Linchonycteris  abscura 
Carol lia  brevicauda 


R.  pumilio 
Sturnira  1  ilium 
Uroderma  bilobatum 
U.  magnfrostrum 
Vampyrops  heller i 
Vampyressa  bidens 


pusiila 
^rtibeus  cinereus 
A.  concolor 
7^.  fuliginosis 
J.  jamatcensTs 
literatus 
sp. 

Pesmodus  rotundus 
Moiossus  sp. 

Primates 

Alouatta  belzebul 
CallitRrix  argervtata 
Edentata 

Bradypus  variegatus 
Cabassus  unicinct^ 
Dasypus  novemcinctus 
Rodent 1 a 

Sciurus  gilviqularis 
Oryzoniys  bicoTor  ^ 

O.  con^lor 

P.  macconnelli 
7ygodontomys  Tasiurus 
Ox^ycteris  sp. 


‘Total - 

collected 


Sera 

tested 
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TABLE  53.  Total  mammals  collected  in  the  Belterra  study  area,  Para, 
Brazil,  15  March  through  25  August  1978.  -  Cont. 


Species 

Total 

collected 

Sera 

Tested 

Rodentia 

Proechiniys  longicaudata 

41 

24 

P.  guyannensis 

10 

5 

Mesoinys  hispidus 

7 

2 

Carnivora 

Nasua  nasua 

2 

1 

Mustela  afri cana 

1 

1 

Eira  Barbara 

2 

0 

45  species 

661 

332 

/  >«  ,■ 


TABLE  54,  Maimals  collected  by  trapping  in  the  Belterra  study  area,  Para,  Brazil,  15  March  through 
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TABLE  55.  Bats  collected  by  mist  netting  in  the  Belterra  study  area,  Para,  Brazil,  15  March  through 
25  August  1978. 


TABLE  56.  Distribution  of  hemagglutination  inhibiting  antibody  to 
Mayaro  and  Oropouche  viruses  in  birds  collected  In  the  Bel  terra 
study  area,  Para,  Brazil,  15  March  through  21  July  1978. 


Family 

Mayaro 

Pos/ tested 

Oropouche 

Pos/collected 

Accipitridae 

0/1 

0/1 

Columbldae 

0/15 

0/15 

Capritnulgidae 

0/2 

0/2 

Trochllidae 

0/1 

0/1 

Momotidae 

0/1 

0/1 

Bucconidae 

0/3 

0/3 

Dendrocolaptidae 

0/75 

5/75 

Furnarlldae 

0/5 

1/5 

Form! carl Idae 

5/265 

52/265 

Conopophadidae 

0/5 

0/5 

Cotingidae 

0/10 

0/10 

Pipridae 

1/163 

5/163 

Tyrannidae 

1/29 

1/29 

Troglodytidae 

0/23 

0/23 

Turdidae 

0/6 

0/6 

Vironidae 

0/7 

0/7 

Parulldae 

0/1 

0/1 

Thraupidae 

0/4 

0/4 

Fringillidae 

1/77 

0/77 

Chickens 

0/28 

0/28 

Ducks 

0/3 

0/3 

TOTAL 

8/724 

64/724 

TABLE  57^  Sumnary  of  antibody  prevalence  rates  to  Mayaro,  Yellow 
Fever  and  Oropouche  viruses  among  primates  collected  In  Belterra, 
Para,  Brazil,  April-July,  1978. 


Area 

Mayaro 

Yellow 

Fever 

Oropouche 

Calllthrix  argentata 

Road  5 

1/2  (50*) 

0/2 

2/2  (100%) 

Road  6 

1/5  (20%) 

0/5 

0/5 

Vila  Piquia 

1/12  (8%) 

1/12  (8%) 

0/12 

Vila  Viveiro 

1/4  (25%) 

1/4  (25%) 

0/4 

Vila  129 

9*/39  (23%) 

2/39  (5%) 

0/39 

STtIo  Chagas 

0/4 

0/4 

0/4 

Southwest  Forests 

0/3 

0/3 

0/3 

TOTAL 

13/69  (19%) 

4/69  (6%) 

2/69  (3%) 

Alouatta  belzebul 

Vila  Piquia 

0/1 

0/1 

0/1 

Vila  129 

1/1  (100%) 

1/1  (100%) 

0/1 

TOTAL 

1/2  (50%) 

1/2  (50%) 

0/2 

*  Mayaro  virus  Isolated  from  one  marmoset  collected  from  Vila  129 
on  19  April  1978. 
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TABLE  58.  Summary  of  experimental  infections  of  marmosets 
collected  from  Belterra,  Para,  Brazil  and  inoculated  with  103-10^ 
TCI 050/0.1  ml  Mayaro  virus. 


Marmoset 

Max. 

viremia  on  days  post-inoculation 

2 

3 

n 

5 

5 

7 

Callithrix  argentata  -  1 

10^* 

102 

0 

0 

0 

0 

Callithrix  argentata  -  2 

102.5 

loi 

0 

0 

0 

0 

Callithrix  argentata  -  3 

NT+ 

0 

0 

0 

0 

0 

Callithrix  argentata  -  4 

NT 

0 

dead 

C.  humeral ifer 

10^ 

102 

0 

dead 

b.  Experimental  Infections  of  marmosets 


OBJECTIVES:  The  objective  of  this  section  is  to  determine  if 
marmosets  found  in  Bel  terra,  Para,  Brazil,  will  produce  a 
significant  viremia  when  infected  with  Mayaro  (MAY)  virus. 

BACKGROUND:  Marmosets,  especially  Callithrix  argentata,  are  the 
most  common  non-human  primate  found  in  Bel  terra.  Serological 
studies  on  feral  marmosets  collected  in  Bel  terra  during  the  MAY 
virus  outbreak  have  revealed  a  high  (19%)  antibody  prevalence  rate 
to  MAY  virus.  In  addition,  MAY  virus  was  isolated  from  a  viremic, 
feral  C.  argentata  collected  during  the  outbreak. 

All  MAY  virus  isolations  made  from  vectors  have  been  from  a  single 
species,  Haemagogus  janthinonys.  Mosquitoes  of  the  genus  Haemagogus 
are  known  to  feed  readily  on  primates,  thus  an  amplification  cycle 
involving  Haemagogus  mosquitoes  and  marmosets  seems  reasonable. 

For  such  a  cycle  to  exist,  infected  marmosets  must  produce  a  viremia 
of  sufficient  titer  to  infect  feeding  uninfected  Haemagogus.  The 
objective  of  this  study  is  to  determine  the  titer  of  virus 
circulated  by  infected  marmosets,  and  thus  determine  the  likeli¬ 
hood  of  their  involvement  in  an  amplification  cycle. 

DESCRIPTION:  Marmosets  were  collected  or  purchased  in  Belterra  and 
transported  to  Belem  alive.  Once  in  the  laboratory  they  were  bled 
to  detect  pre-existing  HI  antibodies  to  MAY  virus.  Those  which 
lacked  antibody  to  MAY  virus  were  inoculated  subcutaneously  with 
0.2  ml  of  MAY  virus  which  titered  between  10^  and  10^  TClDgq/O.l  ml 
in  Vero  cells  grown  in  tubes.  Each  marmoset  was  then  bled  aaily 
beginning  on  day  2  or  day  3  post- inoculation  (p.i.)  through  day  7 
p.  i . 

Whole  blood  was  drawn  and  immediately  diluted  1:10  in  Vero  cell 
growth  medium  (Medium  199  with  5%  fetal  bovine  serum  and 
antibiotics)  and  frozen  at  -70oc  pending  assay. 

Viremia  was  detected  by  further  diluting  each  blood  sample  to  lO"'^, 
then  inoculating  0.1  ml  of  diluted  blood  into  duplicate  tubes  of 
drained  Vero  cells.  Tubes  were  incubated  for  1  hr  at  370C,  then 
rinsed  with  1,0  ml  of  maintenance  medium  (medium  199  with  1%  fetal 
bovine  serum  and  antibiotics),  and  1.0  ml  of  maintenance  medium 
added  to  each  tube.  Tubes  were  observed  daily  for  at  least  7  days 
for  evidence  of  cytopathic  effect  cause  by  virus.  Neutralization 
tests  of  virus  isolated  from  viremic  marmosets  are  in  progress. 


I 
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Of  the  two  species  of  primates  tested  from  Belterra,  the  marmosets 
are  by  far  the  more  common.  It  would  be  reasonable  to  assume  that 
they  stand  the  greater  chance  of  contributing  to  an  amplification 
cycle,  simply  due  to  their  numerical  abundance.  Certainly  the 
isolation  of  MAY  virus  from  a  feral  marmoset  adds  much  support  to 
such  a  hypothesis. 

The  Iw  antibody  pi^evalence  rate  to  ORO  virus  among  primates  is 
especially  noteworthy,  since  Belterra  experienced  an  outbreak  of 
ORO  virus  during  1975.  Previous  serological  surveys  have  detected 
antibody  to  ORO  virus  among  prim:,  ces,  and  rarely  among  other  animal 
species.  As  a  result,  an  endemic  cycle  which  involves  primates  as 
an  amplifying  host  has  been  proposed.  However,  the  results 
presented  here  indicate  that  primates,  at  least  within  the  areas 
sampled  in  Belterra,  do  not  have  a  high  antibody  prevalence  rate  to 
ORO  virus.  Either  marmosets  are  relatively  short  lived,  and  most 
exposed  during  the  epidemic  of  1975  have  already  died,  or  marmosets 
were  not  significantly  involved  in  the  amplification  of  ORO  virus 
in  the  1975  outbreak.  The  later  would  then  support  the  theory  that 
man  is  the  principal  amplifying  host  in  the  epidemic  cycle  of  ORO 
virus  as  suggested  earlier.  These  results  would  also  suggest  that 
ORO  virus  is  not  currently  endemic  in  Belterra. 
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C.  Studies  on  the  Endemic  Cycle 
1.  Vertebrate  host  serology  from 
Cachoeira  Porteira 

OBJECTIVE:  The  objective  of  this  section  is  to  identify  those 
feral  vertebrate  hosts  which  have  been  exposed  to  Mayaro  (MAY) 
virus,  as  an  initial  step  in  identifying  the  endemic  maintenance 
cycle  of  this  virus. 

BACKGROUND:  The  environs  and  program  of  study  at  Cachoeira 
Porteira  have  been  presented  in  detail  elsewhere.  Briefly, 
investigations  in  this  area  attempt  to  study  the  ecology  of 
arboviruses  in  a  tropical  forest  essentially  devoid  of  human 
inhabitants. 

DESCRIPTION:  Collection  techniques  and  processing  of  serological 
specimens  were  described  in  detail  earlier  in  vertebrate  host 
serology  for  Oropouche  virus.  Data  included  here  are  from  the  same 
sera  as  described  earlier,  but  for  convenience,  only  those  results 
pertaining  to  MAY  virus  have  been  extracted  and  presented. 

PROGRESS:  A  total  of  508  avian  sera  were  tested  for  HI  antibody  to 
MAY  virus.  Of  these,  only  two  individuals  were  found  positive. 

Both  were  members  of  the  family  Bucconidae,  the  puffbirds,  and  both 
were  captured  on  the  Nov-Oec,  1977  trip.  Of  the  3  puffbirds 
captured  on  that  trip,  2  were  positive  for  MAY  antibody.  All  3 
puffbirds  captured  were  Monas a  morphoeus,  the  white-fronted 
nunbird.  The  two  positive  birds  were  a  male  and  a  female,  both 
captured  together.  Both  had  HI  antibody  titers  of  1:40  to  MAY 
virus,  and  neither  had  HI  antibody  to  any  other  Group  A  arbovirus, 
so  it  seems  apparent  that  these  results  do  not  represent  cross 
reactions.  Neither  positive  sera  has  yet  been  confirmed  by 
neutralization  tests.  Table  59  presents  a  summary  of  birds 
collected  from  Cachoeira  Porteira  and  tested  by  HI  for  antibody  to 
MAY  virus. 

Similar  to  the  results  presented  for  Oropouche  virus,  the  only 
mammals  which  demonstrated  a  high  prevalence  rate  of  antibody  to 
MAY  virus  were  the  primates.  Of  37  primate  sera  tested,  22  (59%) 
had  HI  antibody  to  MAY  virus.  Of  the  six  species  of  primates 
collected,  5  had  at  least  one  individual  positive.  The  single 
species  which  lacked  at  least  one  positive  individual,  Pithecia 
pithecia,  had  only  one  serum  tested.  All  five  sera  tested  of 
Alouatta  seniculus,  and  all  three  A teles  paniscus  sera  tested  were 
positive.  Of  15  Cebeus  apella  sera  tested,  9  (60%)  were  positive, 
and  2  of  3  (67%)  A teles  Uelzebul  were  positive,  as  were  3  of  10 


(30%)  Chiropotes  satanas  sera.  Positive  sera  were  found  among 
specimens  collected  on  each  of  the  3  trips  made  during  1977.  All 
positive  and  negative  sera  have  been  confirmed  by  neutralization 
tests. 

Of  the  other  groups  of  mairroals  tested,  only  one  Oasyprocta  eguti 
rodent  sera  of  a  total  of  7  (14%)  tested,  was  positive  for  Hi 
antibody  to  MAY  virus.  Of  the  remaining  126  rodent  sera  of  other 
species  tested,  all  lacked  HI  antibodv  to  MAY  virus,  as  did  all  74 
marsupial  sera,  6  carnivore  sera,  15  ungulate  sera  and  8  other 
sera.  A  summary  of  mammalian  sera  from  Cachoeira  Porteira  tested 
by  HI  for  antibody  to  MAY  virus  is  presented  in  Table  60. 

COMMENTS:  White-fronted  nunbirds  are  found  from  southeastern 
Honduras  to  northern  Bolivia  and  Southeastern  Brazil.  They  are 
most  often  seen  in  small  groups,  and  are  usually  noisy.  The  nest 
in  Costa  Rica  is  reported  to  be  in  a  burrow  in  level  ground. 
Puffbirds  as  a  group  are  exclusively  neotropical  and  found  chiefly 
in  forest  and  woodlands.  Nunbirds  in  Panama  are  uncommon  to 
locally  fairly  common  in  humid  forest  and  forest  borders  in 
lowlands  and  foothills'.  The  finding  of  2  of  3  nunbirds  collected 
in  Nov-Oec  positive  for  HI  antibody  to  MAY  virus  deserves  further 
investigation. 

An  association  of  ^Y  virus  with  birds  has  been  reported  previously 
by  Calisher  et  al.^,  who  isolated  MAY  virus  from  an  Orchard  Oriole, 
Icterus  spurius,  migrating  into  Louisiana  in  1967.  Serological 
surveys  conducted  in  the  past,  however,  have  very  rarely  found  HI 
or  neutralizing  antibody  to  MAY  virus  among  birds,  and  the 
contribution  of  birds  to  the  maintenance  of  MAY  virus  has  yet  to  be 
resolved. 

The  results  reported  here  from  primates  indicate  that  they  are 
frequently  exposed  to  feeding  by  the  endemic  vector  of  MAY  virus. 

It  is  possible  that  the  epidemic  vector  seen  in  Belterra, 

Ha^gogus  janthinonws,  is  also  the  principal  endemic  vector  as 
well,  and  that  primates  serve  as  the  main  vertebrate  host  for  virus 
amplification.  For  such  a  cycle  to  be  continued  indefinitely, 
some  mechanism  must  be  available  to  the  virus  for  long  term 
maintenance,  since  primates  are  relatively  few  in  number  and  have  a 
low  reproductive  potential.  Potential  mechanisms  for  such 
maintenance  include  transovarial  transmission  by  the  vector, 
extreme  longevity  of  the  vector,  and  continual  movement  of  the 
virus  from  area  to  area  and  population  to  population.  Additional 
studies  are  required  to  determine  which  of  these  alternatives,  if 
any,  most  closely  represents  the  endemic  maintenance  of  MAY  virus. 


I  J . 


LITERATURE  CITED 


References. 

1.  Ridgely,  R.  S.:  A  guide  to  the  birds  of  Panama. 
University  Press.  Princeton,  N.  J.  Wfp,  T976. 

2.  Calisher,  C.  H.,  Gatierrez  V.,  E.,  Maness.  K.  S 
Lord,  R.  D.:  Isolation  of  Mayaro  virus  from  a  migrating 
captured  in  Louisiana  in  1967.  Bull.  Pan  Am.  Hlth.  Org. 
1974. 


Pri nceton 


C.  and 
bird 

8:  243-248; 


i 


TABLE  60.  Distribution  of  hemagglutination  Inhibiting  antibody  to 
Mayaro  virus  among  mammals  captured  at  Cachoeira  Portelra*  km  71, 
municipality  of  Oriximlna,  Para,  Brazil,  1977. 


Species 


Marsupials 

Didelphls  rearsuplalls 
Harraosa'~c1nerea 
H.  murina 

^nodelphls  brevicaudata 
Phnander  opossum 
- Tofal“^ - 


Rodents 
Agouti  paca 
dayprocta  aguti 
Hydrochaerls  hyfrochaerls 
Hyoprocta~acouchy 
Neacomys  spinosus 
Nectoirys  souamlpes 
Oryzomys  bIcoTor 
0.  capTt^o 

yroecnimys  guyannensis 
Sclurus  gTlvIgulares 
Total 


Primates 

Alouatta  seni cuius 
Ateles  belzebuth 
A.  paniscus 
Tebus  apella 
Chlropotes  satanas 
Pithecia  pithecia 
- T^aT  . 


Carnivores 
Eira  barbara 
Fells^concolor 
F.'  p'ardalls 
Nasua  nasua 
Total 


narcn-  ouiy- 
Aprll  August 


NOV- 

Dec 


Total 


0/2* 

0/4 

0/4 

0/9 

“D7T9 


0/2 

0/1 

0/34 

0/1 

2/2 

1/1 

~VT 

0/1 

0/1 

“077 


0/6 

0/3 

0/3 

0/11 

TJ72T 


0/1 

1/5 


0/3 

0/7 

0/1 

0/15 

0/28 

0/1 

W 


2/3 

6/11 

1/6 

W 


0/1 

0/1 

“077“ 


0/6 

0/1 

0/2 

0/10 

0/13 

XJ737 


0/2 

0/1 

0/1 

0/1 

0/1 

0/7 

0/21 


3/3 

2/2 

3/4 

2/4 

0/1 

WTT 


0/2 


0/14 

0/1 

0/9 

0/17 

0/33 

W7T 


0/1 

1/7 

0/1 

0/3 

0/4 

0/9 

0/1 

0/22 

0/83 

0/2 

T7T35 


5/5 

2/3 

3/3 

9/15 

3/10 

0/1 

77737 


0/1 

0/1 

0/1 

0/3 

tjTt 


TABLE 60  .  Distribution  of  hemagglutination  Inhibiting  antibody  to 
Mayaro  virus  among  maimals  captured  at  Cachoeira  Porlelra.  km  /I, 
municipality  of  Oriximlna.  Para,  Brazil,  1977.  •  Cont. 


Species 

Harch- 

July- 

— Ro^F — 

Total 

April 

August 

Dec 

Ungulates 

Nazama  americana 

0/1* 

0/1 

0/3 

0/5 

Tapirus  terrestrls 

- 

- 

0/1 

0/1 

Ta^assu  pecarl 

- 

0/5 

0/3 

0/8 

Dlcot^les  tacaju 

"wr 

0/1 

UTT 

0/1 

nBTTT^ 

Other  mammals 

Dasypus  novemcinctus 

0/1 

- 

- 

0/1 

Bats 

- 

0/5 

0/1 

0/6 

Tamandua  tetradactyla 

- 

- 

0/1 

0/1 

- TolaT — 

TJTr 

“OTT 

~077“ 

0/8 

*  Number  pos/number  tested 
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III.  MULTIDISCIPLINARY  DISEASE  SURVEILLANCE  ALONG  THE  TRANSAMAZON 
HIGHWAY.  PARA.  BRAZIL. 

A.  Entomological  Surveillance 

OBJECTIVE:  The  current  program  attempts  to  Isolate  virus  from 
mosquitoes  Cwllected  between  1975  and  1976  from  sites  along  the 
Transamazon,  Highway,  Pari,  Brazil. 

BACKGROUND:  A  program  of  entomological  surveillance  was  conducted 
at  12  sites  along  the  Transamazon  Highway  from  1974  to  1976.  Main 
emphasis  In  the  schedule  of  collections  centered  around  sampling 
those  Insects  attracted  to  man.  In  addition.  Insects  were  also 
collected  using  Shannon  traps  and  Chamberlain  light  traps.  Details 
of  the  more  general  objectives,  collecting  methods  and  dally 
schedules  have  been  presented  In  the  Annual  Reports  of  FY  1975  and 
1976.  Descriptions  of  the  12  collecting  sites  can  be  found  In  the 
Annual  Report  of  FY  1977.  That  report  also  contains  a  detailed 
discussion  of  the  temporal  and  spatial  diversity  and/or  similarity 
of  the  mosquito  fauna  along  the  Transamazon  Highway. 

This  report  represents  the  final  analysis  of  entomological  data 
collected  along  the  Transamazon  Highway,  the  assay  of  Insects  for 
the  presence  of  virus. 

DESCRIPTION:  Insects  were  identified  and  pooled  in  groups  of  ap¬ 
proximately  50  or  fewer  individuals.  Identification  was  made  to 
species  whenever  possible;  if  insects  lacked  sufficient  taxonomic 
characteristics  for  specific  identification,  they  were  pooled  by 
subgenus  or  genus.  Engorged  individuals  were  not  Included  In 
groups  assayed  for  virus.  Groups  of  insects  were  triturated  in 
chilled  tissue  grinders  with  1.5  ml  of  diluent  which  contained: 

20%  bovine  albumin,  penicillin,  streptomycin,  gentomycin  and 
fungizone  in  phosphate  buffered  saline.  Triturated  pools  were 
centrifuged  for  15  minutes  at  2000  RPM,  then  0,1  ml  of  supernate 
Inoculated  Into  duplicate  tubes  of  Vero  cell  culture.  Tubes  were 
observed  daily  for  7  days.  Suspect  positive  tubes  were  frozen 
(-70OC)  and  subsequently  passed  to  other  tubes  of  Vero  Cell  culture. 

PROGRESS:  A  total  of  99^0  mosquitoes  in  256  pools  have  been  assay¬ 
ed  for  virus  in  Vero  cell.  These  mosquitoes  represented  collec¬ 
tions  made  at  Gleba  05,  lote  05;  Gleba  29,  lote  03;  Gieba  35, lote 
6;  Gleba  57,  lote  03;  Gleba  66,  lote  09;  and  Palestine.  A  summary 
of  the  number  of  mosquitoes  and  pools  tested  from  each  area  is 
presented  in  Table 61.  Mosquitoes  tested  represented  12  different 
genera  and  30  species.  An  additional  10  subgeneric  or  generic 
categories  were  needed  for  those  individuals  which  could  not  be 
Identified  to  species.  A  synopsis  of  the  number  of  mosquitoes 
tested  by  species  and  locality  is  presented  in  Table 62.  No  virus 
was  Isolated  from  any  mosquito  pool  tested. 


COMMENT:  A  number  of  explanations  are  possible  for  our  failure  to 
isolate  virus  from  these  mosquitoes  tested.  Certainly  too  few 
have  been  tested  to  conclude  beyond  a  doubt  that  no  viruses  were 
active  at  the  time  these  samples  were  made.  Also,  some  viruses 
known  to  occur  in  the  area  do  not  cause  cytopathic  effect  (CPE)  in 
Vero  cells.  These  are,  however,  identified  for  the  mos?,  part,  and 
are  mostly  viruses  which  are  generally  not  of  public  health 
importance. 

Recent  experience  in  this  laboratory  indicates  that  the  storage 
facilities  currently  in  use  in  our  laboratory  are  not  suitable  for 
preserving  virus  infectivity  for  extended  periods.  This  is  based 
on  the  following  observations.  A  low  passage  stock  of  Mayaro 
(Togaviridae,  Alphavirus)  virus  was  prepared  on  16  June  1978  and 
stored  in  medium  199  with  20%  fetal  bovine  serum  as  0.5  ml  aliquots. 
This  stock  was  titrated  on  21  June  1978  and  it  was  determined  that 
a  dilution  of  1:4  of  10*5  would  result  in  approximately  100  plaque 
forming  units  (pfu)  in  Vero  cells  grown  in  25  cm^  flasks.  An  ex¬ 
periment  done  on  28  June  1978  resulted  in  a  dose  of  32  pfu  when 
this  stock  was  diluted  1:4  of  10"5,  Further  drops  in  titer  were 
recorded  in  each  subsequent  experiment.  Tests  done  on  4  August 
resulted  in  a  low  dose  and  would  have  required  a  dilution  of  1:4 
of  10"^  to  produce  100  pfu,  equivalent  to  a  drop  in  titer  of  1  log. 

A  test  on  25  Aug,  again  had  a  low  dose,  and  would  have  required  a 
dilution  of  1:2  of  10*^  to  produce  100  pfu.  This  is  a  drop  in 
titer  in  excess  of  2  logs  in  little  over  2  months  storage. 

All  virus  stocks  were  stored  in  an  upright  Revco  freezer  set  at 
-70OC.  Remaining  virus  in  each  aliquot  opened  was  discarded  after 
use,  so  no  aliquot  of  virus  was  used  more  than  once.  However,  the 
power  supply  for  Bel^  is  extremely  erradic,  and  power  is  frequent¬ 
ly  cut  for  extended  periods.  Consequently,  it  seems  likely  that 
this  stock  virus  has  unknowingly  been  warmed  several  times.  Since 
all  insect  pools  collectev"'  f'^om  the  Transamazon  Highway  project 
have  been  stored  in  this  same  freezer,  it  seems  likely  that  any 
virus  or.ce  present  in  these  insects  is  no  longer  viable.  There¬ 
for,  processing  of  these  pools  is  being  discontinued. 
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TABLE  61.  Total  number  of  mosquitoes  and  pools  assayed  for  virus 
In  Vero  cell  culture  by  locality  of  collection  along  the  Trans  - 
amazon  HighMay,  Pari,  Brazil.  Mosquitoes  were  collected  in  1975- 
76  and  tested  in  1978.  No  virus  was  Isolated  from  ar\y  pool  tested. 


Location 

Total  tested 

Total  pools 

Gleba  05. 

lote  05 

1399 

37 

Gleba  29. 

lote  03 

1683 

42 

Gleba  38. 

lote  06 

337 

15 

Gleba  57. 

lote  03 

145 

8 

Gleba  66. 

lote  09 

1650 

54 

Palestine 

4706 

100 

Total 

9920 

256 

TA8IE  62  SuiwiMry  of  mosquito  spoclos  ass«yovl  for  virus  In  Vrro  Coll  cuUur«  by 
location  of  collection.  Hosqmtoes  were  collected  during  l<)7S-76  and  assayed 
In  1978.  No  virus  was  Isoalted  from  any  pool  tested. 


Species 

Gleba  06 
tote  06 

Gleba  29 
lote  03 

Gleba  .38 
lote  06 

GU'l«a  67 
lote  03 

Gleba  66 
Lote  98 

Palestina 

Andes  serratiis 

56  (D* 

Ac.'  scapularis 

49  (1) 

- 

Anopheles  alhilarsls 

- 

- 

- 

. 

156  (3) 

An.  aqua sal  is 

- 

- 

- 

- 

39  (1) 

All.  nv'diopunct.itus 

- 

- 

- 

- 

'  PI 

An.  nuno.'tivai  1 

i&:  (6| 

29  (1) 

• 

2.10  (5) 

• 

An',  bswaldoi 

30  M 

.36  (1) 

10  (1) 

267  (6) 

w 

An.  trl.innu1atus 

377  (8) 

200(6) 

337  (8) 

655(141 

An.  sp. 

- 

• 

- 

- 

103  (3) 

311  (6) 

Coqiil  1  lett  idia  nigricans 

3?  (1) 

- 

- 

- 

- 

40  (1) 

Cog.  vene.'uelensis 

.16  (U 

78(2) 

- 

- 

61  (2) 

715(15) 

Culcs  ciirniqer 

- 

* 

- 

- 

- 

2.36  (6) 

ts.  coix'iiator 

(1) 

362(8) 

123  (3) 

12  (1) 

67  (3) 

18?  (4) 

Cx.  latlq.ins 

- 

- 

- 

- 

• 

11H>4(20) 

Cx.  taenioims 

- 

- 

- 

- 

8  (1) 

- 

fV.  jc^  sp. 

93  (3) 

63(2) 

13  (1) 

7  (1) 

49  (1) 

449(0) 

Cx.  (m)  sp. 

• 

• 

• 

37  (2) 

84(2) 

Cx.  sp. 

- 

73(2) 

76  (2) 

2.3(1) 

214  5) 

62(1) 

Ilaem.igoqus  Icucocelaenus 

- 

- 

• 

- 

14  (?) 

- 

Mg.  sp. 

12(1) 

9  (1) 

35(1) 

66  (2) 

- 

llmatiis  diirhamil 

10  (1) 

• 

• 

. 

kinsonl.s'  humeral  Is 

.34  (1) 

• 

• 

• 

k».  titillans 

163  (4) 

lUl) 

. 

a  (1) 

227(6) 

Ha.  spp. 

- 

- 

- 

- 

. 

66(2) 

I'sorophora  ciiigul.ita 

30  (1) 

202  l-l) 

- 

- 

10  (1) 

14M.3) 

Ps.  feros 

- 

99  (.1) 

. 

. 

. 

Saln'thes  belisarlol 

.36  (1) 

10(1) 

- 

. 

3  (1) 

Sa.  cliloropterus 

77  (2) 

40(2) 

23  (2) 

17(1) 

64  (2) 

Sa.  evanous 

- 

- 

- 

• 

3  U) 

Sa.  g  lauroitai>iion 

13  (1) 

19(1) 

11  (1) 

- 

56  (?) 

Sa.  t.irsopus 

- 

- 

- 

- 

10  (1) 

Ka ,  sp . 

4b  (1) 

- 

bH) 

• 

Irichoprosopon  dlgitatum 

- 

23  (1) 

45(2) 

- 

Ir.  sp. 

- 

« 

15  (1) 

• 

- 

lira  no  taenia"  calosomata 

29  (1) 

*1(1) 

. 

. 

6  (1) 

Ur.  ueooeirica 

- 

160(3) 

. 

. 

14  h) 

Ur.  lowii 

. 

. 

13(1) 

Ur,  sp'.' 

22  (1) 

53(1) 

18  (1) 

20  (1) 

326(7) 

WyiwU  aporonom<^ 

26  (1) 

- 

- 

- 

- 

• 

l<y.  sp. 

3n  (1) 

• 

16  (1) 

• 

7  (1) 

• 

TOIAlS 

139'>  (37) 

lf.83(42) 

337  (16) 

146(8) 

1650(54) 

4706(100) 

*  Number  tested  (number  of  pools) 
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23.  (U)  To  investigate  diseases  and/or  conditions  affecting  laboratory  animals  used 
specifically  for  military  research  to  enhance  nrr.duction  guality  and  health  management 
and  to  provide  research  animals  free  of  known  or  potential  pathogens.  The  ability  to 
provide  clinical  diagnosis  to  laborato'y  animal  problems  peculiar  to  the  l/RAIR  animal 
colonies  is  critical  to  the  specific  research  conducted  by  the  KRAIR.  The  establishment 
of  a  disease  data  storage/retrieval  system  will  provide  unique  epidemiological  infonna- 
tion  not  available  from  any  other  laboratory  source. 

24.  (U)  Conventional  epidemiologic,  pathologic,  and  microbiologic  methods  are  employ¬ 
ed;  unconventional  procedures  are  developed  as  needed. 

25.  (U)  77  10  -  78  09  The  data  stora.je  retrieval  system  is  in  the  first  generation  of 
editing  and  development.  Aotus  were  shown  to  harbor  various  biotypes  and  serotypes  of 
Klebsiella  pneumoniae,  including  serotype  Type  2  antigen  and  antibody  were  detected 
in  the  plasma  of  some  monkeys,  and,  on  occasion,  the  antigen  and  IgG  were  found  on  the 
monkeys'  RBCs.  Antibiotic  sensitivity  correlated  with  indol  neg  animal  isolates,  while 
resistance  correlated  with  indol  pos  animal  isolates.  Cytomegalo-1 ike  viruses  were  iso¬ 
lated  from  throat  secretions  and  salivary  glands  of  50  percent  of  the  Aotus  examined, 
and  could  be  reisolated  from  infected  monkeys  for  at  least  1  year.  More  than  75  perceni 
of  the  Aotus  had  neutralizing  antiiiodics  to  the  reference  isolate.  Additionally,  3 
adenoviruses  were  isolated  from  moribund  Aotus,  with  greater  than  tlO  percent  of  the  Ao¬ 
tus  exhibiting  neutralizing  antibodies.  The  ELISA  assay  was  found  to  be  effective  in 
detecting  serum  antibodies  to  canine  distemper  virus  (CDV).  The  ELISA  assay  for  COV- 
specific  IgM  and  IgG  correlated  with  serum  neutral ization  tests.  Five  of  7  foxhound 
dogs  with  diarrheal  disease  yielded  coronaviruses  and  had  increased  serum  neutraliza¬ 
tion  antibody  titers.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research 
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A.  J.  vlohnson,  VC;  CPT  K,  P.  Keenan,  VC;  J.  J. 
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M.  Riley;  SP4  A.  Robinson;  SP4  R.  Soltero;  SP4  R. 

Von  der  Per ten;  and  PFC  L.  Palmer 

Description: 

Investigate  diseases  and/or  conditions  affecting  laboratory 
animals  used  specifically  for  military  research  to  enhance 
production  quality  and  health  management  and  to  provide 
research  animals  free  of  known  or  potential  pathogens. 

During  the  reporting  period,  research  activities  have  included; 

(1)  investigation  of  microbiological  aspects,  bacterial  and  viral, 
of  morbidity  and  mortality  among  monkeys  of  the  WRAIR  Aotus  colony, 

(2)  development  and  evaluation  of  an  enzyme-linked  immunosorbant 
assay  for  humoral  antibodies  to  canine  distemper  virus,  and  (3) 
definition  of  a  diarrheal  disease  among  foxhound  dogs. 

1.  Clinical  evaluation  of  disease  problems  affecting  Aotus  monkeys. 


During  the  past  year,  27  of  210  juvenile,  adolescent,  and  adult 
owl  monkeys  died,  yielding  an  annual  mortality  rate  of  ISt.  The 
majority  of  these  animals  succumbed  to  glomerulonephritis,  re¬ 
generative  anemia,  septicemia,  or  a  combination  thereof.  In  an 
effort  to  better  define  the  pathologic  condition(s)  or  diseases(s) 
affecting  owl  monkeys,  completed  case  reports  of  37  juvenile, 
adolescent,  and  adult  owl  monkeys  which  died  between  1  January 
1977  and  1  May  1978  (a  17  month  period)  were  studied.  The 
review  included  all  available  ante-  and  postmortem  data,  to 
include  clinical  histories,  clinical  pathology  reports,  histo- 
pathology  reports,  and  bacteriology,  virology,  and  serology 
reports.  The  purpose  of  this  report  is  to  summarize  the  ob¬ 
servations  and  interpretations. 
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Of  the  37  dead  monkeys,  17  were  males  and  20  v^ere  females. 

The  exact  age  at  the  time  of  death  was  known  for  5  of  the 
monkeys  because  they  had  been  born  in  the  URAIR  Aotus  colony. 
Four  of  these  were  10  to  16  months  of  age  and  the  fifth  was 
4  years  old  (Table  1).  The  age  distribution  of  the  remaining 
32  monkeys  was  estimated  by  the  amount  of  dental  wear  and 
reflected  the  approximate  age  distribution  of  the  entire  colony. 
Distribution  of  karyotypes  among  the  dead  monkeys  was  similar 
to  the  karyotype  distribution  of  the  colony.  Thus,  it  appeared 
that  mortality  was  unaffected  by  age,  sex,  or  karyotype  of  the 
animal.  The  mortality  rate  was  essentially  the  same  in  each 
of  the  colony  breeding  rooms;  however,  occasional  relocation 
of  monkeys  precluded  definitive  evaluation  of  this  observation. 

Clinical  histories  indicated  that  21  monkeys  exhibited  no  clin¬ 
ical  signs  of  illness  before  onset  of  the  terminal  illness. 

Five  monkeys  had  been  treated  for  minor  problems:  3  for  con¬ 
junctivitis,  1  for  a  vaginal  infection,  and  1  for  a  lacerated 
knee.  iJine  monkeys  had  clinical  signs  that  may  have  reflected 
more  serious  disease,  to  include  weight  loss  (3),  abortion  (1), 
depression  (1),  facial  edema  (1),  anemia  (1),  and  air  saccu- 
litis  (2)-  The  remaining  2  monkeys  had  been  splenectomized 
17  and  35  days  before  death.  Clinical  signs  observed  during 
terminal  illness  were  lethargy  and  depression  (17),  facial 
edema  (2),  ascites  (2),  pale  mucous  membranes  (5),  severe 
weight  loss  p),  and  swollen  air  sacs  (3).  Eight  animals  died 
without  detectable  signs,  and  3  monkeys  were  euthanitized  for 
a  special  renal  study  in  which  monkeys  suspected  of  having 
varying  degrees  of  glomerulonephritis  were  selected. 

The  primary  condition  associated  with  death  of  the  37  monkeys 
was  assessed  by  the  attending  veterinarian  after  examination 
of  the  clinical  and  pathological  data  (Table  2).  Only  1  cause 
of  death  was  listed.  Therefore,  when  more  than  one  disease 
process  occurred  simultaneously,  the  pathologic  process  which 
appeared  to  contribute  most  to  the  animal's  terminal  condition 
was  considered  the  primary  cause  of  death.  Three  most  conmon 
diagnoses  were  renal  disease  (15),  anemia  (9),  and  septicemia 
(5).  The  remaining  8  animals  died  of  other  causes:  euthanasia 
(3),  gentamycin  toxicity  (2),  chronic  meningoencephalitis  (1), 
anoxia  (1),  and  unknov^n  (1), 

The  histopathologic  lesions  observed  most  frequently  in  the  37 
monkeys  are  shown  in  Table  3.  Varying  degrees  of  glomerulo¬ 
nephritis  (GN)  were  found  in  34  of  these  monkeys.  The  Gil  lesions 
were  classified  as  severe  in  12  monkeys,  moderate  in  13,  and 
mild  in  9.  Glomerular  fibrosis,  which  was  observed  in  24 


nwnkeys,  demonstrated  tlie  chronicity  of  the  tjloinerular  disease. 
Interstitial  nephritis  was  seen  in  31  monkeys  and  may  have  been 
a  secondary  lesion  to  the  other  renal  pathology. 

Table  4  shows  the  severity  of  the  Gil  lesions  In  animals  within 
various  cause-of-death  categories.  As  would  be  expected, 
animals  that  died  of  renal  disease  had  the  highest  Incidence 
of  severe  and  moderate  (IN  lesions.  Of  the  9  monkeys  In  which 
anemia  was  the  predominant  pathologic  change,  7  had  detectable 
6N  lesions  (2  severe,  3  moderate,  and  2  mild),  while  2  monkeys 
had  essentially  normal  glomeruli,  (ilomerular  lesions  In  animals 
that  died  of  septicemia  wore  mild  (4)  or  moderate  (1). 

Anemia  was  a  significant  finding  among  the  37  monkeys.  Routine 
blood  analyses  performed  when  the  monkeys  appeared  healthy 
Indicated  that  14  of  the  monkeys  had  red  blood  cell  (RBC) 
counts  below  4  X  10*’  per  cniii  of  blood.  Blood  samples  obtained 
from  22  monkeys  during  terminal  Illness  showed  15  were  anemic. 

Of  the  9  monkeys  In  which  anemia  was  the  predominant  sign  at 
death  (Tables  2  and  4),  6  hail  blood  samples  withdrawn  within  24 
hours  of  death.  The  RLC  counts  from  these  6  samples  ranged 
from  0.56  to  1.74  X  lo''  RRCs  per  ciiri  of  blood,  fourteen 
iiwnkeys  in  this  study  did  not  develop  evidence  of  anemia. 

Histologically,  30  of  33  bone  marrows  examined  were  hyper¬ 
active,  and  21  of  37  monkeys  had  histologic  evidence  of  extra¬ 
medullary  hematopoiesis  (Table  3).  These  findings  indicated 
that  there  was  a  definite  attempt  to  compensate  for  erythrocyte 
loss.  Since  anemia  In  humans  with  chronic  renal  disease  usu¬ 
ally  Is  of  a  hypoplastic  type,  it  would  appear  that  anemia  and 
fiM  In  Aptus  monkeys  are  attributable  to  indirect  mechanisms. 
Elucidation  of  the  explicit  causative  mechanisms  will  have  to 
await  further  studies.  However,  pathologic  Iriiune  response 
may  be  Involved,  as  indicated  by  the  h1<ih  incidettce  of  erythro- 
phagocytosls  and  reticuloetidothel iai  hyperplasia  (Table  3). 

Klebsiella  pneunwniae  was  the  predominant  bacterial  pathogen 
TsoTateiT.  The  organism  was  isolated  from  tiu'  throat  and/or 
rectum  of  13  of  19  nwnki'ys  cultured  antemortem.  Serotyping 
of  these  Isolates  was  not  performed  because  of  the  high  inci¬ 
dence  of  ^  [ineunjoniae  that  was  detected  on  food  stuffs  provided 
the  monkeys.  At  necropsy,  lung,  liver,  kidney,  and  spleen 
were  cultured  from  29  ot  the  37  monkeys.  Seven  aniiimls  (24  • 
of  those  cultured)  had  k  pneuimnnae  isolated  from  two  or  more 
of  the  tissues.  All  ot  tlie  isolates  from  organ  tissues  which 
were  typcable  were  pathogenic  serotype  2.  K  pneuMonlae  was  the 
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only  orq«nlsm  n-om  4  i.isps  of  purulont  «lr 

saccul ttls. 

Septlcpmia  was  consUhnnl  tho  primary  caiiso  of  death  in  b  of 
the  37  monkeys  (Table  Thr»»e  wt'ir  confirm'd  at  necropsy  to 
be  caused  by  K  pneuiiKiniae  infect iott.  Antewrtem  evidence, 
isolation  from  moblf,  and  purulent  air  sacculitis  in^ncated 
K  pneumon i ae  in  a  fourtli  case.  One  animal  died  of  broncho- 
pneunfonTaV  apparent  ly  caused  by  liordetella  bronchi  sept  ica. 
Additional  studies  have  beet)  implisnented  do  determine  the  role 
of  K  pn'HmK'niae  <.'«^sino  disease  antono  vwl  )wnke,vs. 

Virus  isolation  was  attemptevi  it'om  throat  and  rt'ctal  swabs  and 
necropsy  tissues  of  .'0  o1  the  37  i)wl  iiKinkeys.  A  cytomeoalo- 
like  virus  (CtUV)  was  isolatt'd  frvv)  throat  swabs  and/or  histo¬ 
logically  nonnal  salivai'v  olands  fi'om  1.'  (43';-)  ot  the  monkeys 
surveyed.  Tour  other  anim^ils,  (or  which  virus  isi'lation 
attempts  wi're  negative,  liad  serum  nt'ut ra  1  irimi  antibodies 
(1:8  to  1:1('  titers)  apainst  1  of  the  CMl  V  isolates.  Asivie  fi\Mn 
1  positive  isolation  from  a  spleen,  attempts  to  isolate  CtilV 
from  rectal  swabs  or  fi'om  other  intei'iial  oi'oans  wtn'e  negative. 

An  adenovirus  was  isolated  ti-ooi  i-evtal  swabs  t)'V)m  of  the 
Dwnkeys.  Definition  ot  the  i'elat \onsl\ip  ot  these  virvises  to 
disease  conditions  obsoved  in  owl  )'\onkeys  i'epuires  additional 
invest i oat  ion. 

i!.  fpi loot  iolo'jjS'  of  Klehsiella  in  Avitus  nunikey  volonies. 

Kjebsiella  pneunion tpe .  I’speci.illv  lapsult'  serotypes  1  and 
is  a  recofini,*ed  natui'al  pathooi'o  ot  nonhuman  priuMtes.  The 
bacterium  often  is  ino'iminated  as  one  of  the  iHajor  niicro- 
or«janisms  associatevi  with  morbiilitv  and  mot'taiity  in  nonhim'an 
prinwte  colotiies.  Althoimh  its  impot'tance  and  attack  rate 
may  vary  with  the  host  spe»  it's  and  volony,  the  overall  sio- 
nificance  of  this  mic)'obe  has  been  )'ecovj)\i ;ed  as  it  is  1  of 
(>  bacteria  that  was  ptovided  a  spovitic  cat('»iory  tor  i'eportinp 
in  the  Cent)')'  fo)'  Disease  t'vMiti’ol  l')'ii)at«'  7t)onoses  Sui'vei  1  lance 
Deport.  In  recent  vea)'s.  se»'otypino  has  shoivn  that  K  pneumoniae 
type  ?  was  tl.e  bacterial  sei'otvpe  isolated  most  often  ti'vwi 
necropsy  spe\  imens. 

Records  of  the  Aotus  iih\nkey  colonii's  at  tht'  Walter  Reed  Ait^v 
Institute  of  Research  tWRAlR)  in;iivated  that  oran  nepative 
bacteria,  especially  k  pneuih'niae,  otti'n  wi're  associated  with 
sickness  and/or  ileath  in  Aotus  nonkt'vs.  the  probhM'’  continued 
to  increase,  idiereupi'ii  a  special  epi.'oot  iolopic  study  was 
devised  for  the  nonbi'et'd inp  I'oi  t  ton  ot  the  UUAIR  Aotus  colony. 


The  fimlings  were  correlated  and,  whenever  applicable,  compared 
to  other  Aotus  populations  within  the  WKAIK. 

For  study  purposes,  the  WRAIR  Aotus  colony  was  readily  divistble 
into  3  subcolonies  based  on  1 ocaVl on  and  type  of  Aotus  housed. 
Subcolony  1  was  composed  of  3S  non-breeding  owl  monteys  that 
were  caged  individually  in  Room  ro;’A  of  hldg  511.  fionkeys  of 
this  group  wi’re  the  imisf  intensively  studied.  Subcolon.v  2 
consisted  of  2  rxnvtis  and  JOL’K,  bldg  511)  of  breeding 

pairs  and  their  offspring,  lach  breeding  pair  with  offspring 
were  housed  together  in  a  single  cage.  Subcolony  3  contained 
approximately  4(1  owl  im)nk<\ys  being  usi'd  for  malaria  research 
and  was  located  in  Room  4043  of  Hldg  40.  Tliis  latter  subcolony 
was  about  3.()  miles  distant  from  the  fomer  2  subcolonies. 

Klebsiell^  survey  of  monkeys  in  Room  L’02A.  Throat  and  rectal 
specTtiieris  were  obtained  with  sterile  swabs  from  anestheti;ed 
monkeys.  Fecal  samples  wore  collected  frotn  pans  under  the 
wire  floor  of  each  cage.  All  of  the  monkeys  were  surveyed  5 
times  at  3  major  intervals  during  the  7  iwnth  period  between 
September  10/7  and  March  1070.  A  (ninioumi  of  1  each  throat, 
rectal,  and  fecal  sample  was  obtained  from  each  monkey  at  each 
interval.  Monkeys  detemuined  to  be  carriers  of  K  mu'uimMiiae 
were  examined  at  lntert'\ediate  times  between  major  intervals. 
During  the  first  60  days,  U'  of  .15  Aotus  immkeys  were  found  to 
harbor  k  pneunKiniae.  The  number  of  culture  positive  monkeys 
was  extended  to  lb  by  the  end  of  tlie  study. 

An  attempt  was  made  to  eradicate  k  pneunKini,^  type  .'  irom  2 
chronic  carrier  monkeys.  One  monkey  consistently  yielded 
K  pneunwnjae  type  from  both  throat  and  rectal  samples,  while 
positive  cultures  were  obtained  only  from  rectal  samples  of  the 
second  monkey.  Since  the  isolates  recovered  were  sensitive 
to  cephalothin,  the  nxuikeys  were  treated  with  50  mvi  sv>dium 
cephalothin  lUO  intramuscularly  for  7  days,  llie  monkeys  were 
examined  culturally  din  ing  and  11  days  after  treatment.  The 
rectal  carrier  monkey  yielded  repeated  isolates  of  K  pneumoniae 
type  2  during  and  after  treatment.  Isolates  were  not  obtained 
from  the  throvSt  and  rectal  carrier  imnikey  on  days  7  and  0  after 
treatment  started;  however,  k  pneumoniae  type  .'  was  isolated 
from  the  throat  and  rectum  of  tliis  animal  11  days  after  treat¬ 
ment  stopped,  the  results  siumested  that  the  antibiotic  did 
not  attain  therapeutii  levels  where  the  organisms  were  co1oni,’ed 
or  that  the  animals  were  reintected  by  external  vectors.  Also, 
the  suppression  of  k  pneumoniae  type  .'  in  1  monkey  was  not 
suffictont  to  permit  complete  clearing  or  to  pri'vont  reinfection. 
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The  ^^^eva1enct'  of  K  pnovnuooUio  in  thnnit  spocimens  varied  from 
3  to  15%,  and  ratnied  7?*om  to  3.V!.  It)  rectal  specimens  on 
various  days  during  the  7  nwnth  study.  Alnn'st  half  (Ih/.TS)  of 
the  nwnkcys  had  K  pneumoniae  recovered  from  thtxtat  or  rectal 
speciiiHjns  during  ’thTs*^Tlme.  fight  nwnkoys  had  Klebsiel la 
isolated  from  both  throat  and  iTCtal  swabs,  white”! he  oTIier  8 
monkeys  yielded  only  rectal  isolates.  There  were  no  monkeys 
which  had  only  throat  isolates. 

The  K  pneunwniae  isolates  we)-c  separable  into  three  major 
groups:  indole  positive  non-capsular  type  2,  indole  negative 
capsular  type  2,  and  indole  negative  non-capsular  type  2, 

Ten  indole  positive  st)'ains  w»>re  isolated  fron)  7  diffe)'ent 
monkeys.  Of  these  isolates,  80'..  wtM'o  recove)'ed  durin<i  a  7  day 
period,  (26  October  to  2  November  I*!/?).  Ibis  suggested  a  t«mi- 
poral  introduction  of  organisms  which  were  transients  in  the 
monkeys  or  a  resurgence  of  indigenous  organisms.  The  indole 
positive  capsular  types  included  serotypes  68,  64,  a))d  54,  as 
well  as  4  isolates  which  w«')‘e  untype'able  due  to  insufficient 
capsules. 

A  total  of  40  Isolates  of  indole  negative  capsular  type 
were  recovereil  from  4  iiKinkeys.  In  all,  well  ove)'  half  (50/74) 
of  the  total  Klebsiella  sp  isolations  vwmv  capstile  type  2.  Thi 
suggested  that  capsuTar  type  .'  organisms  had  the  ability  to 
colonixe  certain  Aotus  numkeys,  resulting  ir>  chronic  infections 

Indole  negative  non-ca('sular  t\pe  isolates  wei'e  recove)'ed 
fron)  13  of  .15  iwnkeys  for  a  total  ot  .'4  isolates,  these  iso¬ 
lations  wt're  sporadic  it)  occiunance.  Most  of  the  isolates 
produced  insufficient  capsules  for  typing.  One  isolate  was 
capsular  type  8.  light  monkeys  yielded  2  of  the  3  diffe)'ent 
classes  of  Klebsiella  (indoli'  pi)sitive,  i))dole  negative  type 
2,  indole  nega!Tve  non -type  2). 

Antibiotic  sensitivities.  l'-»’1,it('s  (roni  each  monkey  wei'e 
tested  for  antibiotic  sensitivity,  and  sensitivity  patte)'ns 
were  correlated  with  the  2  ma.iin'  biotvpes.  All  10  indole  posi¬ 
tive  strains  wiM'O  multiply  )'e'.)stant  to  antibiotics  (Table  5). 
These  strair)s  w«'i'e  sensitivi'  to  gt'ntaiiivcin,  ( j'imethoprim,  a))d 
furadantoin:  )nte)'itM'd)ate  in  sensitivity  to  cephalothin;  and 
resistant  to  ch1o)'amphenicol ,  si )'ept()i)\vcin,  ampicillin,  ca)'hen1 
cillin,  sulfas,  and  tet )’acyv  I  ine.  Ihi'  indole  negative  isolates 
consisting  of  capsula)'  tvpes  and  8  .)nd  untypables,  wt')'e 
generally  )'es1sta))t  to  ampicilli))  a))d  ca)'ben)v  i  1 1  in,  b))t  )«'re 
susceptible  to  gentamvon,  ceph.ilothin,  sulfas,  t )'iim'thv)pri);). 


tetracycline,  streptomycin,  and  furadantoln.  One  exception 
was  Isolate  27-10-27,  a  non-type  2  Indole  negative  strain, 
which  manifested  the  saite  antlhlogram  as  the  Indole  positive 
monkey  Isolates  (Figure  1,  Table 

Isolation  of  K  pneumoniae  from  the  environment.  The  persistence 
of  capsular  type  TTfra fiiTs  after  antibiotic  treatment  and  the 
transient  occurrence  of  indole  positive  strains  suggested 
K  pneumoniae  was  being  introduced  into  the  colony.  Previous 
Investigations  had  recovered  K  pneunioniae  from  such  diverse 
environments  as  drinking  water,  VegetaHes,  fruits,  and  saw¬ 
dust  bedding  (1,2).  In  the  present  study,  K  on^umonj^e  was 
Isolated  from  orange  surfaces,  conriercial  monkey  clftbw,  an  ani¬ 
mal  fattening  food,  a  human  baby  food  used  to  make  a  liguid 
supplement,  cockroaches,  and  monkey  water  bowls.  Isolates  of 
K  pneumon 1 ae  were  not  recovered  from  apple  surfaces  or  the 
Biroats  of  miy  of  the  veterinary  technicians.  Table  6  lists 
the  envlronrwntal  isolates  and  their  antibiotic  sensitivities. 

It  was  remarkable  that  the  strains  recovered  wj're  so  homogenous 
In  their  antibiotic  sensitivities,  regardless  of  indole  bio- 
type.  In  fact,  these  isolates  were  sensitive  to  all  of  the 
antibiotics  tested,  except  ampicillin.  The  antibiotic  sensi¬ 
tivities  of  our  indole  positive  environmental  strains  were 
similar  to  the  indole  positive  clinical  strains  of  Nishida 
et  al  (3). 

The  Indole  positive  isolates  from  \hv  owl  monkt'V'.  wcne  very 
resistant  to  antibiotics,  which  contrasts  witi)  tiie  reported 
findings  of  other  indole  positive  clinical  strains  (3.4).  Tiie 
possibility  exists  that  other  enviro?)mental  strains  are  anti¬ 
biotic  resistant,  and  it  is  tempting  to  speculale  tliat  a 
transfer  of  plasmid  resistance  factor  may  be  tite  reason  the 
indole  negative  clinical  isolate  lb  27-10  was  multiply  and 
highly  resistant  to  antit)iotirs  (lable  b).  As  a  rnnseguence, 
the  ingestion  of  extraneous  strains  of  K  pneuimmiae  could 
readily  conftise  bacterial  diagnosis  oi  disease.  Tliere  also  is 
the  possibility  that  in  a  dual  inlet f inn  the  non-patbnnenit 
strains  could  either  destroy  antil>iotits  or  transfer  antibiotii 
resistance  factors  to  virulent  strains. 

Comparison  of  the  three  ftottis  sulnolonies.  Tltroat  samples  were 
obtained  randomly  from  '<?  of  the  iKiuii  /s  htnised  in  boom  .'O/M  t>f 
Bldg  511,  and  throat  and  rectal  sai'ples  wt're  fdda(ne<(  frivt  lb 
of  the  monkeys  housed  in  Bldti  40.  (be  spot  i mens  v«'re  s(  reen*'(| 
for  Klebsiella  sp  in  particular  anti  rnterobartet  ia  in  gt'neral. 
KlehsTrlTa  nneunonlae  w.ts  retovenul  Irnm  10  of  flie  *><’  owl 
monleys  Tn  Room  lany  of  fhe  rtonkrvs  examined  also  bar- 


On  the  basis  of  previous  studies  It  was  concluded  that  conforms 
and  Proteus  bacterial  species  wtn-e  not  consistent  Inhabitants 
of  the  Aotus  throat.  It  was  our  opinion  that  the  ability  to 
colonize  the  throat  may  be  In  part  due  to  the  adhesiveness  of 
the  organism.  Individual  irruinity  among  monkeys,  and  environ¬ 
mental  Influences. 


The  most  marked  differences  observed  among  the  3  subcolonies 
were  the  prevalence  of  Klebsiella  and  other  Gram  negative 
organisms  In  the  throats  bT^nonnal"  Aotus  monkeys  In  nidg  511 
and  an  Increased  Incidence  of  illness  ancT  death  In  Bldg  511. 
During  the  7  month  study,  no  deaths,  other  than  those  attributed 
to  Investigative  procedures,  occurred  In  the  Bldg  40  subcolony 
or  In  Room  20tA,  whereas  approximately  20  deaths  occurred  In 
Rooms  202 J  and  202K. 


Aside  from  the  obvious  geographic  differences,  other  differences 
among  the  subcolonies  were  sought  and  noted.  The  air  In 
Room  202J  usually  contained  a  greater  concentration  of  NIL 
(sometimes  as  high  as  14  ppm)  than  Room  202A  or  Room  4043'^ln 
Bldg  40  (1  to  2  ppm),  lianagement  practices  also  varied.  Water 
bowls.  Shell  no-pest  strips,  and,  occasionally,  highly  concen¬ 
trated  phenol  disinfectants  were  used  In  Bldg  511,  whereas 
hanging  water  bottles,  no  hanging  pest  strips,  and  no  concen¬ 
trated  disinfectants  were  the  practice  In  Bldg  40.  The  number 
of  monkeys  per  ca-ie  generally  was  lov/er  in  Bldg  40. 


Detection  of  subcellular  Klebsii'lla  antigens  and  antibodies  In 
the  blood  of  Aotuj  monkeys*.  THasi’w  and  erythrocytes  were 
obtained  from  TIT  monkeys  in  Ri'om  202A  v/hich  were  known  to  have 
had  Klebsiella  infection'-  (3  that  had  K  pneumoniae  type  2  and 
12  tfial  bad^  ^  pneunxtniae  non-type  2).  The  plasma  was  examined 
by  counter  current  eTectrophores is  (tX'f )  for  the  presence  of 
circulating  antibody  and  antigen.  I imulus  amoeba  lysates  (LAL) 
also  were  used  to  detect  circulating  endotoxin.  The  antigen 
used  In  CCC  was  purified  type  2  capsular  material.  The  anti¬ 
body  used  to  detect  soluble  klebsiella  antigens  was  hyper- 
Irr.nine  rabbit  serum  prepared  agaii\st  a  whole  bacterial  cell 
antigenic  preparation.  Only  1  monkey  (8142)  exhibited  circu¬ 
lating  antigens  and  antibody  to  Klel'siella  pneirionlae  and  had 


a  weakly  positive  LAL  test. 


Five  of  the  15  monkeys  had  circulating  antibody  to  type  2  cap¬ 
sular  material.  Two  of  the  seropositive  monkeys  had  had 
Klebsiella  infections  caused  by  serotype  2,  while  the  remaining 
3  seropositive  monkeys  had  previously  yielded  Klebsiella  iso¬ 
lates  of  serotypes  other  than  type  2. 

One  of  the  3  monkeys  (8142)  that  had  yielded  type  2  organisms 
developed  an  antibody  response  to  type  2  capsular  material, 
and  attempts  to  reisolate  type  2  organisms  were  unsuccessful 
after  a  7  month  interval.  Klebsiella  pneumoniae  type  2  fre¬ 
quently  was  isolated  from  throat  and  rectal  specimens  of  a 
second  monkey  (8162);  however,  an  antibody  response  was  never 
detected  and  the  organisms  continued  to  persist  throughout  the 
study.  By  contrast,  K  pneumoniae  type  2  organisms  were 
routinely  recovered  from  rectal  specimens  of  monkey  A105,  even 
though  a  seropositive  antibody  response  to  type  2  capsular 
material  had  developed.  This  data  indicated  that  the  immune 
response  of  owl  monkeys  to  K  pneumoniae  type  2  organisms  was 
inconsistent.  Consequently,  attempts  to  eliminate  endemic  foci 
of  K  pneumoniae  via  inmunization  need  to  be  investigated  under 
rigorously  defined  conditions. 

Since  a  significant  proportion  of  the  owl  monkeys  in  the  WRAIR 
colony  have  exhibited  signs  of  anemia,  an  attempt  was  made  to 
detect  capsular  type  2  antigen  and  Aotus  IgG  on  the  erythro¬ 
cytes  of  the  3  monkeys  chronically  TnTected  with  K  pneumoniae 
type  2.  Rabbit  antisera  to  whole  cell  K  pneumoniae  type  2  did 
not  cause  agglutination  of  the  erythrocyte?!  Addition  of 
guinea  pig  sera  (GPS)  containing  complement  to  the  mixture, 
however,  resulted  in  lysis  of  erythrocytes  from  monkey  8142. 

The  erythrocytes  were  not  lysed  with  GPS  alone,  thus  ruling  out 
the  existence  of  heterophile  antibodies.  These  observations 
indicated  that  antigen  coated  e.ythrocytes  may  be  involved  in 
the  production  of  hemolytic  anemia  in  some  monkeys.  When 
rabbit  antisera  to  Aotus  IgG  was  reacted  with  erythrocytes  from 
the  3  monkeys  no  reaction  occurred,  even  in  the  presence  of 
GPS.  However,  the  erythrocytes  from  several  other  monkeys  did 
react  with  the  anti-IgG  and  GPS  complement,  suggesting  another 
possible  cause  of  hemolytic  anemia. 

Clinical  pathology  parameters.  The  clinical  pathology  profile 
of  owl  monkeys  was  determined  and  compared  among  3  different 
groups:  (1)  3  monkeys  chronically  infected  with  K  pneumoniae 
type  2,  (2)  13  monkeys  that  yielded  sporadic  isolations  of 
various  Klebsiella  S£,  afd  (3)  18  monkeys  that  were  consis- 


tently  free  of  K  pneumoniae.  Clioical  parameters  measured 
Included  erythrocytes/cnri  of  blood,  mg  of  creatine/dl  of  serum, 
mg  of  blood  urea  nitrogen/dl  of  serum,  and  gm  of  albumin/dl  of 
serum.  Each  of  the  parameters  was  measured  at  the  Initiation 
and  the  termination  of  the  7  month  study.  For  these  groups  of 
owl  monkeys,  a  significant  difference  was  not  observed  in  the 
average  erythrocyte  counts  or  serum  chemistry  values  among  the 
3  monkey  groups  (Table  7). 

Conclusion.  Klebsiella  pneumoniae  serotype  2  was  determined 
to  be  the  primary  bacterial  pathogen  aiiwng  owl  monkeys  in  the 
WRAIR  colony.  During  a  7  month  epi/ootiologic  study,  many 
other  indole  positive  and  indole  negative  strains  were  isolated. 
The  former  organisms  appeared  to  be  transient  within  the 
colony  and  confused  the  overall  K  pneujix^iae  pathogenesis  pic¬ 
ture.  The  pathogenicity  potential  oT  sucTPstrains  remains 
undefined.  Management  procedures  should  be  implemented  innedi- 
ately  to  effectively  reduce  the  populations  of  transient 
Klebsiella  sp.  Management,  chemotherapeutic,  and  immunologic 
methods  will  be  investigated  to  define  the  most  appropriate 
means  of  eliminating  K  pneumoniae  type  2  infections  from  the 
colony. 

3.  Virus  studies  of  adult  and  infant  Aotus  nionke^s. 

The  initial  studies  to  isolate  and  identify  viruses  from  Aotus 
monkeys  with  renal  and/or  anemic  diseases  were  reported  (5). 
Based  on  the  type  of  cytopathic  effect  (CPE)  observed,  the 
recovered  agents  were  placed  into  3  groups.  During  this  report¬ 
ing  period,  additional  viral  isolations  were  laade  from  post¬ 
mortem  tissues  of  adult  and  infant  ov/1  monkeys.  Also,  studies 
were  performed  to  characterize  and  detennine  the  significance 
of  the  viruses.  The  percentage  of  owl  monkeys  with  humoral 
antibodies  against  these  viruses  was  ascertained.  The  purposes 
of  this  report  were  to  summarize  and  evaluate  the  findings  of 
these  studies. 

One  of  the  3  types  of  CPC  observed  resembled  that  of  the  herpes¬ 
viruses,  and  was  caused  t)y  the  viruses  recovered  from  throat 
and  rectal  swab  specimens  of  a  monkey  (8147)  which  died  with  a 
generalized  herpetic  infection  (5).  Using  serum  neutralization 
tests,  the  isolates  were  identified  as  Hernesvi>~us  simplex. 

The  monkeys  in  the  l.'RAIR  Aotus  colony  had  been  given  attenuated 
H  simplex  vaccine.  Additional  monkeys  infected  with  this  virus 
Wave  not  been  detected;  theretore,  U  simj''U'x  does  not  appear  to 
be  a  problem  in  the  WRAIR  Aotus  colony. 
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The  second  group  of  cytopathic  agents  produced  a  characteristic, 
slowly  progressing,  focal  CPE.  These  agents  were  Identified  as 
cytomegalo-l Ike  viruses  (CMLV)  after  optical  and  electron 
microscopic  examination  of  infected  cell  cultures  (5).  During 
the  past  12  months  similar  viruses  were  recovered  frequently 
from  the  throat  of  86%  (37/43)  of  the  apparently  normal  mon¬ 
keys  examined,  and  fron\  the  salivary  glands  of  52%  (17/33)  of 
the  adult  monkeys  that  died  (Table  8).  The  frequency  of  Iso¬ 
lation  of  CMLV  from  Infant  owl  monkeys  was  significantly  less. 
Except  for  the  oropharyngeal  cavity,  the  only  sources  of  CMLV 
Isolation  have  been  froti  the  spleen  of  1  monkey  that  died  and 
from  the  leukocytes  (WBC)  of  an  apparently  healthy  monkey.  In 
both  of  these  latter  2  monkeys,  a  CMLV  also  was  recovered  from 
the  throat  and/or  salivary  glands.  Of  the  CMLV  Isolations 
made,  3  have  been  from  monkeys  born  In  the  WRAIR  colony,  2 
adults  and  1.5  month  old  Infant.  These  findings  not  only  Indi¬ 
cated  the  high  frequency  of  C’lLV  Infection  In  the  1/RAIR  Aotus 
colony,  but  also  demonstrated  spread  of  the  virus  among  the 
monkeys. 

Preliminary  data  Indicated  that  CMLV  persists  for  prolonged 
periods  In  the  throat  secretions  of  Infected  monkeys.  With 
few  exceptions,  CMLV  was  reisolated  from  select  monkeys  1,  2, 

3,  and  12  months  after  the  initial  Isolation.  Further  studies 
are  In  progress  to  define  the  occurrence  and  persistence  of 
CfILV  In  throat  secretions,  and  have  been  extended  to  Include 
the  same  parameters  for  blood  and  urine. 

Of  the  74  owl  monkeys  tested  serologically,  65  (88?)  had  serum 
neutralizing  antibodies  against  the  reference  CMLV  7933T  Iso¬ 
late.  CMLV  were  detected  in  the  throat  secretions  of  82% 

(45/55)  of  the  seropositive  monkeys,  CMLV  also  were  recovered 
from  throat  swab  specimens  of  5  of  6  seronegative  monkeys. 

Serum  neutralization  tests  using  the  homologous  Isolate  for  2 
of  these  monkeys  indicated  the  pr'osence  of  antibodies  against 
the  recovered  virus.  These  observations  strongly  suggested 
the  existence  of  antigenic  differences  among  the  CMLV  Isolates. 
Studies  have  been  initiated  to  compare  the  antigenic  relation¬ 
ships  of  the  different  isolates  and  to  develop  suitable  sero¬ 
logical  reagents  to  classify  CMLV  Isolates, 

The  antigenic  relationship  between  the  CMLV  isolates  from  owl 
monkeys  and  the  human,  rhesus  and  African  green  monkey  strains 
of  cytomegaloviruses  was  examined.  Antigenic  comparisons  also 
were  made  for  other  herpesviruses  recovered  from  Aotus  monkeys 
and  other  primates,  to  include  H  simplex  types  1  and  7,  H  simlae. 
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H  ZOOS ter,  II  tamarinus,  M  saimirl ,  H  a teles,  H  aotus  types  1 , 

?,  and  3,  iTverpool  vervet  agent,  and  herpes  leukocyte- 
associated  agent.  None  of  the  antisera  against  the  cytomegalo¬ 
viruses  and  other  herpesviruses  tested  neutralized  the  CMLV 
isolates  from  the  owl  monkeys.  Thus,  the  CMLV  isolates  appeared 
to  be  an  antigenically  distinct  group  of  herpesviruses. 

Further  evidence  of  the  distinctiveness  of  the  .'tus  CMLV  from 
other  human  and  monkey  cytomegaloviruses  was  obtained  from 
attempts  to  propagate  the  CMLV  isolate  in  human  and  subhuman 
primate  cell  cultures.  The  CMLV  isolate  only  could  be  propa¬ 
gated  in  cultures  of  Aotus  cells.  Cytopathic  effects  were 
not  detectable  in  primary  or  continuous  cultures  of  rhesus 
monkey  kidney  (LLCMK2),  African  green  monkey  (Vero),  human  lung 
(WI-38),  or  HeLa  cells. 

The  third  group  of  viruses  isolated  from  owl  monkeys  in  the  WRAIR 
colony  produced  an  adenovirus-type  of  CPE  (5).  Two  of  the 
isolates  were  recovered  from  rectal  swab  specimens  from  each 
of  2  adult  owl  monkeys,  1  of  which  was  born  in  the  WRAIR  colony. 
The  remaining  isolates  were  obtained  from  the  lungs,  liver, 
spleen,  and  rectal  swab  specimen  of  a  5-month-old  monkey  that 
also  had  been  born  in  the  colony.  Representative  isolates  from 
each  monkey  produced  intranuclear  Inclusions  in  infected  cell 
cultures,  and  suspensions  of  each  fixed  complement  with  refer¬ 
ence  adenovirus  group  antiserum.  Electron  microscopic  exam¬ 
ination  of  cell  cultures  infected  with  isolate  8138R  showed 
the  presence  of  typical  adenoviruses  in  the  cell  nuclei.  The 
isolates,  therefore,  were  classified  as  adenoviruses.  Addi¬ 
tional  studies  will  be  made  to  determine  the  antigenic  rela¬ 
tionships  among  this  group  of  isolates.  These  viruses  appear 
to  be  quite  prevalent  among  owl  monkeys  of  the  l.'RAIR  colony. 

Serum  neutralization  titers  of  1:4  or  greater  to  the  8138R 
isolate  were  detected  in  83«  (39/47)  of  the  monkeys  tested. 

Anemia  and  renal  diseases  are  2  of  the  principal  health  problems 
affecting  monkeys  in  the  WRAIR  ^tus  colony.  In  man  and  other 
animals,  chronic  viral  infections  often  nave  been  associated 
with  these  2  disease  syndromes,  with  the  pathology  observed 
being  that  of  an  imnune  complex  disease  rather  than  an  acute 
viral  infection.  CMLV  were  isolated  from  almost  90*  of  the 
owl  monkeys  in  the  WRAIR  colony,  and  reisolations  from  infected 
animals  could  be  made  for  periods  of  at  least  1  year.  Further, 
these  infected  monkeys  had  serum  neutralizing  CMLV  antibodies. 
Such  observations  are  consistent  with  a  chronic,  persistent 
infection  associated  with  an  ineffective  antibody  response.  In 
man,  cytomegaloviruses  often  persist  in  the  throats  and  urine 
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of  infected  individuals  for  considerable  periods,  even  in  the 
presence  of  neutral izincj  antibodies.  Furthermore,  cytomegalo¬ 
virus  infections  in  man  have  been  associated  with  itmune  complex 
disease  (6)  and  autoinriune  hemolytic  anemia  (7).  Mice  experi¬ 
mentally  infected  with  cytomegalovirus  developed  imnune  complex 
deposits  in  the  glomeruli  (8)  and  had  markedly  lowered  resist¬ 
ance  to  infection  with  several  microorganisms  (9).  By  analogy, 
the  CMLV  are  prime  candidates  for  inducing  imnune  complex 
disease  in  owl  monkeys,  and  could  cause  a  decrease  in  resistance 
of  the  monkeys  to  infection  with  other  microbes,  such  as 
Klebsiel la  pneumoniae. 

The  potential  effect  of  adenovirus  infection  in  the  owl  monkeys 
can  not  be  overlooked,  especially  since  83S  of  the  monkeys 
tested  were  seropositive  for  adenovirus  antibodies.  Like  the 
cytomegaloviruses,  adenoviruses  have  been  associated  with  per¬ 
sistent  infections.  Such  chronic  infections  in  dogs  have 
resulted  in  the  deposition  of  adenovirus-antibody  complexes  in 
the  kidneys  (10). 

Further  elucidation  of  the  role  of  the  Aotus  CMLV  or  adenoviruses 
in  the  renal  and  anemia  syndromes  will  be  aided  by  the  develop¬ 
ment  of  suitable  tests  for  the  viral  antigens  and  antibodies. 

Once  developed,  the  tests  will  be  used  to  evaluate  the  patho¬ 
genetic  effects  of  deposition  or  circulation  of  viral  antigens, 
antigodies,  or  their  complexes. 

4.  Enzyme-linked  immunosorbant  assay  for  canine  distemper  virus. 

Canine  distemper  virus  (COV)  is  a  wide  spread,  highly  infec¬ 
tious  agent  capable  of  causing  disease  in  all  breeds  of  dogs. 
Prospects  for  distemper  and  distemper-potentiated  bacterial 
disease  are  especially  menacing  when  large  numbers  of  dogs 
from  far  flung  environs  are  assembled  into  confined  quaran¬ 
tine,  holding,  or  breeding  facilities.  Such  is  the  case  when 
unconditioned  random-source  (RS)  dogs  are  purchased  from 
vendors.  This  problem  is  presumably  obviated  when  properly 
conditioned  dogs  are  purchased  and  assembled. 

At  the  Walter  Reed  Army  Institute  of  Research  (liRAIR),  both 
conditioned  and  unconditioned  RS  dogs  have  been  purchased 
for  research  purposes.  Each  dog  was  tested  for  serum  neutral¬ 
izing  (SII)  antibodies  to  CDV.  the  results  showed  that  74T 
of  the  dogs  which  arrived  without  CDV  antibody  developed  respira¬ 
tory  disease,  and  32i  died.  In  contrast,  24c  of  those  with 
antibody  developed  respiratory  disease,  and  only  4c  died  (11). 


For  these  reasons,  vaccination  to  protect  against  distemper 
becomes  a  necessity.  However,  even  the  purchase  of  condi¬ 
tioned  dogs  does  not  guarantee  efficacious  immunization, 
especially  if  the  virus  is  incubating  at  the  time  of  vacci¬ 
nation.  The  immune  status  of  unconditioned  (unvaccinated)  is 
obviously  worse.  Consequently,  it  is  very  desirable  to 
assess  the  immunity  of  all  these  dogs.  At  our  installation 
one  of  the  criteria  for  rejection  is  a  SN-CDV  antibody  titer 
of  less  than  1 :100. 

Contractual  agreements  usually  stipulate  that  there  be  a 
limited  amount  of  time  between  dog  delivery  from  a  vendor 
and  rejection  by  colony  authorities.  The  SH  test  requires 
3  days  to  perform  and  entails  the  need  for  tissue  culture 
facilities.  The  enzyme-linked  innunosorbant  assay  (ELISA) 
is  a  very  simple  and  rapid  seroassay  which  has  been  used  to 
detect  antibody  to  other  viruses  (12-17).  Saunders  observed 
>  9!j%  correlation  between  the  hog  cholera  virus  ELISA  results 
and  the  SN  results  (18).  This  report  demonstrates  the  feasi¬ 
bility  of  using  the  ELISA  test  to  measure  the  CDV  immune 
status  of  dogs  by  correlating  ELISA  results  with  S.'J  results, 
and  describes  the  IgM  and  IgG  response  of  dogs  which  have  been 
experimentally  infected. 

Cells  and  viruses.  The  Ondestepoort  strain  of  CDV  was  used 
for  the  ELISA  and  SIJ  test,  and  was  propagated  in  Vero  cells 
using  techniques  described  by  Appel  and  Robson,  with  the 
following  modifications  (19).  Cell  monolayers  of  Vero  cells, 
propagated  in  roller  bottles  (420  100  mm)  uere  inoculated  at 

confluency  (approximately  2.4  X.IQ^’  cells)  with  10  to  15  ml  of 
CDV  suspension  which  titered  10^'^  •  ^^Ter  1  hour 

of  adsorption  at  36  C  at  a  roller  setting  of  30  rph,  50  ml  of 
fresh  medium  were  added.  The  medium  was  replaced  with  serum- 
free  medium  16  hours  before  harvesting.  The  serum-free 
medium  was  removed  and  discarded  at  40  to  42  hours  post-inocu¬ 
lation.  The  cel  1 -associated  virus  was  harvested  by  freeze¬ 
thawing  the  cells  3  tines  in  10  ml  of  serum-free  medium.  The 
suspension  was  sonicated  for  30  seconds  in  an  ice  bath  using  the 
microtip  on  a  Branson  fidl  1/108  Sonicator  at  i»7  setting,  and 
clarified  at  300  X  g  for  15  minutes  to  remove  cell  debris.  The 
supernatant  was  stored  at  -60  C  berore  titration  and  use  as  CDV 
antigen.  The  protein  concentration  of  the  antigen  used  in  the 
ELISA  was  as  determined  by  the  Lowry  method  (20). 

Sera.  Canine  anti-CDV  serum  lot  #d3  obtained  from  the  US 
Department  of  Agriculture,  Veterinary  Biologies  Laboratory, 
and  National  Animal  Disease  Center,  Ames,  lA,  was  used  as 
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positive  reference  serum  in  all  tests.  Serum  samples  were 
obtained  from  random-source  (RS)  dogs  at  the  time  of  their 
arrival  at  the  WRAIR  and  stored  at  -20  C.  Samples  also  were 
obtained  from  2  dogs,  10  to  12  weeks  old,  experimentally  Infec¬ 
ted  with  the  mildly  virulent  a-76-30  field  strain  of  CDV.  Serum 
samples  were  collected  at  weekly  intervals  post-infection  and 
stored  at  -20  C.  Twenty -five  serum  samples  of  known  CDV  antibody 
titer  also  were  obtained.  The  latter  2  groups  of  sera  wore 
kindly  provided  by  Dr.  llax  Appel,  Cornell  University,  Ithaca, 

NY. 

Conjugates.  Rabbit  anti-dog  IgG  conjugated  to  horseradish 
peroxidase  (Miles  Laboratories)  was  used  in  the  ELISA  for 
detection  of  canine  IgG.  Goat  anti-dog  IgM  conjugated  to 
horseradish  peroxidase  (Cappel  Laboratories,  Inc)  was  used  in 
the  ELISA  for  detection  of  canine  IgM.  The  conjugates  were 
stored  at  -20  C  and  diluted  ii.iiiediately  prior  to  use. 

Plates.  Polystyrene  microelisa  substrate  plates  (Uynatech, 

Inc)  were  used  for  all  ELISA.  Cell  culture  microti tration 
plates  (Costar)  were  used  for  all  SN  tests. 

Buffer  and  solutions.  Carbonate  coating  buffer,  pH  9.6,  and 
phosphate-buffered  saline-tween  20  buffer  (POST),  pH  7.4,  were 
prepared  accordino  to  Voller  (21).  The  overcoat  solution  was 
4t  (w/v)  bovine  serum  albumin  (BSA)  in  distilled  water.  The 
conjugate  diluent  was  prepared  by  adding  15  (w/v)  BSA  to  PBST 
buffer.  The  substrate  solution  of  6-aminosal icyl ic  acid  (5AS) 
with  hydrogen  peroxide  was  prepared  according  to  Ruitenberg 
(22).  Medium  for  the  SH  test  was  the  same  as  that  used  to 
culture  CDV. 

ELISA  procedure.  The  optimal  antigen  concentration  was 
determined  by  a  two-dimensional,  checkerboard  titration  of 
antigen  against  serial,  two-fold  dilutions  of  USDA-posi ti ve 
reference  serum  and  known  negative  serur:.  A  1:10  dilution  of 
the  CDV  antigen  containing  644  ug  of  protein  per  ml  was  the 
optimal  dilution  for  distinguishing  between  positive  and 
negative  sera  (22).  The  optimal  conjugate  concentration  was 
determined  by  the  sane  i.iethod.  A  l:2Ui)  dilution  of  the 
anti-IgM  conjugate  and  a  1:600  dilution  of  the  anti-IgG 
conjugate  were  used. 

The  following  sequential  steps  describe  the  microelisa  pro¬ 
cedure  used  throughout  this  study.  An  optimal  concentration 
of  antigen  in  carbonate  tuiffer  was  added  to  each  well  of  a 
substrate  plate  in  0.1  itl  amounts  and  let  dry  overnight  at 


room  temperature.  Plates  were  washed  3  times,  for  3  minutes 
each,  with  PBST  buffer.  Plates  were  either  used  immediately 
or  stored  in  a  humid  chamber  at  4  C.  An  overcoat  of  0.1  ml 
of  BSA  was  added  to  each  well  and  incubated  30  minutes  at 
37  C.  Sera  were  diluted  with  PBST  buffer,  0.1  ml  added  per 
well,  and  then  incubated  30  minutes  at  37  C.  Plates  were 
washed  again  as  described  above.  An  optimal  concentration  of 
conjugate  in  PBST  buffer  with  1%  BSA,  was  added  in  0.1  ml 
amounts  to  each  well  and  incubated  60  minutes  at  37  C.  Plates 
were  again  washed  as  described  above.  Substrate  solution  was 
added  in  0.1  ml  amounts  to  each  well  and  incubated  1  hour  at 
room  temperature. 

Control  reactions  for  ELISA.  Control  reactions  were  performed 
in  all  experiments  on  the  substrate,  conjugate,  and  positive 
and  negative  sera  (22). 

Interpretation  of  ELISA  results.  The  color  reaction  was  read 
visually  and  scored  4+,  3+,  2+,  1+,  according  to  the  inten¬ 
sity  of  purple-brown  color.  A  1+  was  interpreted  as  a  posi¬ 
tive  reaction.  Any  serum  which  caused  a  positive  reaction  at  a 
dilution  ">  1:100  was  interpreted  as  positive  for  CDV  anti¬ 
body  and  was  considered  to  be  protective. 

SN  procedure.  The  SN  test  was  performed  as  described  by 
Appel  and  Robson  (19). 

Interpretation  of  SN  results.  Virus  neutralizing  antibody  was 
interpreted  as  being  absent  in  serum-virus  mixtures  if  a  single 
focus  of  viral  CPE  was  observed  on  any  monolayer  by  day  3 
post-inoculation.  For  screening  purposes,  sera  which  showed 
virus  neutralization  at  a  dilution  7  1:100  were  interpreted 
as  positive  for  protective  antibody  versus  CDV. 

Comparison  of  ELISA  and  SN  test  results.  Two  methods  were 
used  to  compare  results  obtained  by  the  ELISA  and  the  SN  test: 
(1)  percentage  of  agreement  (23)  and  (2)  sensitivity  and 
specificity  (24). 

Comparison  of  ELISA  and  SN.  Sera  were  obtained  from  221  random' 
source  dogs  immediately  after  their  arrival  at  the  WRAIR. 
Initially,  62  sera  were  diluted  by  two-fold  serial  dilutions 
from  1:25  to  1:3200.  The  anti-CDV  activity  of  these  sera  was 
measured  by  ELISA  and  SN  tests  (Table  9).  Sixty  of  the  62 
(97X)  yielded  ELISA  and  SN  endpoints  which  agreed  within  a 
four-fold  difference.  This  small  difference  was  assumed  to  be 
within  experimental  error  limits  and  disregarded.  There  were 


2  sera  which  were  8-foUI  lower  in  the  ELISA  test.  Another  noted 
characteristic  was  the  8  sera  which  had  some  activity  at 
1:2b  and  l:bO  dilutions  in  the  ELISA  hut  no  discernible  activity 
in  the  SN  test  at  a  1:2b  dilution.  Three  of  these  sera  were 
still  available  and  were  retested  at  SN  dilutions  as  low  as 
1:6.25.  One  serum  showed  some  anti -viral  activity,  the  other 
two  did  not.  The  reason  for  these  differences  is  not  readily 
discerned,  but  one  should  keep  in  mind  that  these  2  tests 
detect  2  very  different  phenomena.  The  SN  test  requires  a 
complete  and  fully  active  virus  and  viricidal  antibody,  while  the 
ELISA  can  detect  whole  CUV  ami  sub-viral  antiqenic  ccwiponents. 

The  ELISA  has  been  shown  to  have  evpial  or  greater  sensitivity  as 
radioinmunoassay  in  some  tests  (25). 

The  remaining  159  sera  were  examined  by  a  screening  test  based 
on  the  results  obtained  from  the  preceding  62  sera.  Since 
antibody  activity  at?  1:100  dilutions  in  COV-S'I  tests  infers 
inmunity  to  distemper,  a  comparable  dilution  also  was  used  in 
the  ELISA.  Apparently  a  1:100  titer  in  the  ELISA  also  is 
indicative  of  iniminity  (lable  9). 

A  statistical  analysis  of  both  studies  (221  sera)  at  a  thresh¬ 
old  dilution  of  1:100  (Table  10)  showed  that  there  was  9vVv 
agreement.  The  ELISA  had  a  sensitivity  (ability  to  call  a 
positive  serum  positive)  of  96.51  and  specificity  (ability  to 
call  a  negative  serum  negative)  of  1001.. 

The  discrepancy  between  the  LLISA  low  titers  versus  an  appar¬ 
ently  complete  lack  of  activity  (Table  9)  in  Sii  tests  was 
further  investigated.  We  had  suogested  previously  that  dif¬ 
ferent  antigens  and  antibodies  were  involved.  Our  major  problem 
was  that  we  had  no  idea  whether  the  l'.S-S!l  negative  do<)s  had 
ever  had  distemper  or  been  iwuini;ed  with  COV.  Ihe  only  way  to 
ascertain  the  complete  lack  of  antibody  was  to  obtain  sera  frm 
dogs  reared  in  a  closed  colony  and  with  complete  medical  his¬ 
tories,  documenting  no  inimini rat  ion  or  infection  with  CUV. 
Twenty-five  sera  meetino  these  requin'inents  were  obtained  from 
Dr.  Max  Appel.  In  a  blinvl  study  whicti  also  contained  positive 
sera,  all  the  sera  were  tested  by  11  ISA  (neoal ive  ■  no  reaction 
at  1:2b;  positive  -  reaction  at  1:100)  and  SN  (nenalive  “  no 
reaction  at  1:12.5;  positive  a  reaction  at  1:100).  Nineteen 
of  these  sera  were  nenative  by  both  tests,  6  were  positive  by 
both  tests.  Thus,  there  was  complide  agreement  betwec'n  the 
LLISA  and  SO  results. 

Comparison  of  IgM  and  lob  response  to  COV.  Up  to  this  point 
the  LLISA  was  capable  only  of  di'ti'itint)  lanine  hiO.  When  the 


conjugated  goat  anti-canine  Igfl  became  available,  it  was  possi¬ 
ble  to  measure  both  of  these  immune  globulins  and  compare  their 
titers  to  those  of  the  Sll  test.  Two  dogs  (A  and  B)  which  were 
experimentally  infected  with  CUV  were  serially  bled  after 
inoculation  of  the  virus.  The  SN  titers  of  both  dogs  decreased 
2-  to  4-  fold  around  the  third  week  of  infection.  This  coincided 
with  a  drop  in  the  IgU  of  these  sera  (Fig.  2).  At  the  next 
interval  the  increase  in  SN  titer  coincided  with  the  increase  in 
specific  IgG.  It  appears  that  the  early  part  of  the  SN  test 
profile  is  made  up  of  Igfl  viricidal  antibody  and  the  later  part 
of  the  SN  is  made  up  of  viricidal  IgG  antibody. 

One  further  point  should  be  emphasized,  it  is  not  unusual  to 
use  an  anti -IgG  reagent  to  monitor  ini;iune  responses.  We  had 
previously  used  it  to  monitor  antibody  response  to  ICII  (5)  where 
the  ELISA-IgG  titers  very  closely  approximated  Sf!  titers. 

5 .  Recovery  of  a  canine  coronavirus  f rom  1 aboratory  dogs 
with  fatal  diarrhea. 

Coronaviruses  are  important  't^iologic  agents  of  severe  and 
often  fatal  diarrhea  in  neonatal  swine,  cattle,  mice  and 
turkeys.  A  canine  coronavirus  also  has  been  associated  with 
diarrheal  disease  in  military  dogs  (5,26)  and  has  been  found 
in  the  intestinal  tracts  of  laboratory  dogs  with  fatal,  multi¬ 
ple  viral  infections  (11).  During  the  first  quarter  of  this 
year,  informal  reports  linked  this  virus  with  severe,  and 
at  times  fatal,  diarrheal  disease  in  dogs  (dews,  vlAVIl^  17J; 
247-248,  1  Aug  1978).  An  outbreak  of  severe  ddiarrheal  disease 
occurred  at  the  WKAIR  animal  facilities  in  March  antong  a  litter 
of  10  week  old  Foxhound  dogs  with  2  fatalities.  This  outbreak 
afforded  an  opportunity  to  study  the  etiology  of  diarrhea  in 
laboratory  dogs  which  could  be  examined  in  greater  detail  than 
in  privately  owned  dogs.  This  report  suniiiarizes  the  clinical 
observations  and  etioiogic  studies,  and  provides  further  evidence 
for  the  etioiogic  significance  of  coronavirus  infections  in 
canine  diarrhea. 

Seven  8-week-old  Foxhound  dogs  were  received  from  a  licensed 
animal  vendor  in  mid-March  1978.  Prior  to  arrival  at  the 
WRAIR,  the  dogs  had  been  treated  4  tines  with  Task  at  2-week 
intervals  for  intestinal  parasites  and  had  been  given  2  doses 
of  canine  distemper  (CL))-infect ious  canine  hepatitis  (ICII)- 
leptospira  vaccine.  The  dogs  were  given  1  dose  of  CH-ICII- 
canine  parainfluenza  (CI'I )-1eptospira  vaccine  on  the  day  of 
arrival  at  the  UP, AIR  followed  by  Vermii'lex  for  intestinal  para¬ 
sites  5  days  later. 


Signs  of  disease  were  first  noticed  U1  days  after  arrival 
when  5  of  the  7  dogs  developed  diarrhea.  The  following  morn¬ 
ing  1  of  the  affected  dogs  was  found  dead  and  the  other  2  dogs 
In  the  same  cage  appeared  severely  111.  These  latter  2  dogs 
had  severe  diarrhea,  wi're  vomiting,  and  were  markedly  dehy¬ 
drated  and  lethargic.  I'oth  dogs  were  given  supportive  treat¬ 
ment  to  replace  the  loss  of  fluids,  drugs  to  control  the 
diarrhea  and  vomiting,  and  antlmlcroMai  therapy;  however, 
one  dog  died.  The  remaining  dog  began  to  Improve  the  following 
day  and  was  completely  recovered  on  the  9th  day.  One  of  the 
2  other  sick  dogs  developed  severe  diarrhea  on  the  fourth 
day  of  Illness,  was  given  similar  supportive  therapy,  and 
recovered.  Two  dogs  did  not  develop  any  signs  of  disease. 

Specimens  for  bacterial  and  viral  studies  were  obtained  from 
both  the  affected  and  apparently  nomal  dogs.  Also,  tissues 
were  obtained  at  necropsy  from  the  2  dead  dogs.  The  procedures 
for  bacterial  and  viral  studies  have  been  described  In  detail. 

Salmonella  $£  or  other  known  canine  bacterial  enteric  pathogens 
v<ere  not  recovered  from  rectal  swabs  or  the  Intestinal  tract 
tissues.  Several  Isolations  of  f  coll  were  made  and  the  Iso¬ 
lates  being  tested  for  cellular  adh'e’sTveness  and  toxigenicity, 
although  the  role  of  pathogenic  F.  coll  In  canine  diarrhea  dis 
ease  Is  unknown.  Canine  coronavTruses  were  Isolated  from  4  of 
the  5  sick  dogs  and  from  both  apparently  healthy  dogs.  The 
coronaviruses  were  recovered  In  high  t1ter_^rom  intestinal 
tissue  of  both  dogs  that  died  (10'^  and  10"''/on.  respectively). 
In  addition,  canine  parainfluenza  (CPI)  virus  was  recovered  frwt 
the  lungs  of  1  of  these  dogs.  The  dogs  had  received  vaccine 
containing  attenuated  CPI  vaccine  11  days  earlier  and  the  ori¬ 
gin  of  the  CPI  Isolate  could  not  be  ascertained. 

Serologic  tests  confirmed  the  virus  isolation  tests.  All  b 
surviving  dogs  developed  neutral izing  antibody  to  both  the 
Isolated  coronavirus  and  the  I-7I  reference  canine  coronavirus. 
The  dogs  also  developed  neutralizing  antlbodv  to  ICH  and  CPI 
viruses.  Although  all  (he  dons  had  high  antibody  titers  to 
CD  virus  In  their  acute  serum  speciiMens,  3  dogs  developed 
a  further  4-fold  Increase  In  titer  to  this  virus.  The  response 
to  the  latter  3  viruses  were  consistent  with  tl>e1r  vaccination 
histories. 

The  findings  In  tl\1s  stiivlv  provide  turther  evidence  for  the 
significance  of  canine  < oronav1)'uses  In  enteric  disease  of  the 
dog.  The  virus  was  present  in  the  feces  and  Intestinal  tracts 
In  high  titer  of  dogs  with  severe  and  fatal  diarrhea.  The 
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serologic  findings  confirmed  the  virus  isolation  test  results 
as  each  of  the  surviving  dogs  developed  neutralizing  antibody. 
Further  studies  are  required  to  determine  significance  of 
Mcteria  (e.g.  E  col i ) ,  parasites,  or  other  agents  in  the 
intestine  which  may  potentiate  the  severity  of  the  corona- 
virus  Infection. 
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Figure  1 


.  Relationship  of  Serotype  2,  Indol  +  and  Indol  - 
Strains  of  K  pneumoniae  Isolated  From  Aotus  Monkeys 
and  Their  Resistance  to  Selected  Antibiotics  as 
Measured  by  Zone  Size  of  Inhibition 


CHLOR  =  chloramphenicol 
CEPHA  *  cephalothin 
6ENTA  =  gentamycin 
TETRA  =  tetracycline 
STREP  =  streptomycin 
R  =  resistant 


I  =  intermediate 
S  =  sensitive 
TYPE  2 

INDOL  -*-■■1 
IMDOL  untypeable 
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Comparison  of  SN  Antibody  Titers,  ELISA  IgM  and  IgG 
Antibody  Titers  from  2  Dogs  Experimentally  Infected 
with  COV 
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Table  1.  Age,  Cause  of  Death,  and  Severity  of  Glomerular 
Lesions  of  6  Owl  Monkeys  Born  at  the  WRAIR 


Animal 

number 

Age  at 
death 

Cause  of 
death 

Severity  of 
glomerular  lesion 

WR  77 

10  mo 

Anemia 

None 

WR  61 

15  mo 

Anemia 

None 

WR  56 

16  mo 

Septicemia 

Mild 

WR  67 

16  mo 

Septicemia 

Mild 

WR  32 

48  mo 

Anemia 

Mild 

Table  2.  Cause  of  Death 

of  37  Owl  Monkeys 

Cause  of  death 

Number  of 
animals 

Percentage 
of  animals 

Renal  disease 

15 

40.6 

Anemia 

9 

24.3 

Septicemia 

5 

13.5 

Euthanasia 

3 

8.1 

Gentainycin  toxicity 

2 

5.4 

Meningoencephalitis 

1 

2.7 

Anoxia 

1 

2.7 

Unknown 

1 

2.7 

37 

100.0 

A' 


Table  3.  Histopathological  Lesions  Most  Frequently  Observed  in  37  Owl  Monkeys 


Table  4.  Comparison  of  the  Severity  of  Glomerulonephritis  with 
the  Cause  of  Death 


Severl ty 
of  GN 

Cause 

of  Death 

Anemia 

Renal 

disease 

Septicemia 

Others 

Severe 

2 

9 

0 

1 

Moderate 

3 

4 

1 

5 

Mild 

2 

2 

4 

1 

None 

2 

0 

0 

1 

9 

15 

5 

8 

Table  5.  Comparisons  of  Typical  Antibiograms  for  Klebsiella  pneumoniae  Isolates  from 
Aotus  flonkeys 
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Table  6.  Antibiograns  of  Klebsiella  pneumoniae  Indole  Biotypes  from  the  Monkey 
Colony  Environment 
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Table  7.  Average  Values  for  Select  Clinical  Pathology  Parameters  for  Three  Distinct  Groups 
of  Aotus  rionkeys 
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Table  8.  Recovery 

of  Cytomegalo-l ike 

Viruses  from  Aotus 

Monkeys 

Honkeys 

Specimen 

Number  positive 

% 

examined 

examined 

Total  examined 

Pos 

Adult,  dead 

Throat 

6/21 

29 

Air  sac 

0/18 

0 

Salivary  glands 

17/33 

52 

Lungs 

0/40 

0 

L  i  ver 

0/40 

0 

Kidney 

0/40 

0 

Spleen 

1/40 

3 

Rectal 

0/23 

0 

Fetal  and  Infant, 

Throat 

0/3 

0 

dead 

Air  sac 

1/7 

14 

Salivary  glands 

1/11 

9 

Lungs 

0/1  *0 

0 

Liver 

0/15 

0 

Kidney 

0/lb 

0 

Sp 1  eon 

0/15 

0 

Adult,  apparently 

Throat 

37/4.1 

86 

healthy 

Rectal 

0/8 

0 

WBC 

1/8 

13 

Urine 

O/L 

0 

Infant,  apparently 

Throat 

0/3 

0 

tiea  1  thy 

Recta  1 

0/3 

0 

>  •! 
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i  Table  10.  Two  Methods  for  Comparing  the  CDV  ELISA  With  the 

CDV  Serum  Neutralization  Tests.* 


Method  1.  Percentage  of  agreement: 

No.  sera  tested  ELISA  SN  Results 


Method  2.  Sensitivity  and  specificity  of  a  test:** 


ELISA 


SN  test 


negative 


positive 
(A)  no 

JCJ _ 4 

(A+C)  114 


total 

110 

111 


(B+D)  107 


Sensitivity  =  A 

“ATT 


=  96.5% 


107 

107- 

107- 

no 

110+ 

110+ 

4 

4- 

4+ 

0 

0+ 

0- 

Percentage  of  agreement  =  217  =  98.2% 

25T 


217  agree 
4  disagree 
??rTota1 


*  In  both  methods  of  comparison  the  SN  test  is  considered 
standard. 

**  Sensitivity  is  defined  as  the  ability  to  declare  a  positive 
serum  positive.  Specificity  is  defined  as  the  ability  to 
declare  a  negative  serum  negative.  (A)  =  no.  sera  positive 
in  SN  and  positive  in  ELISA.  (B)  =  no.  sera  negative  in  SN 
and  positive  in  ELISA.  (C)  =  no.  sera  positive  in  SN  and 
negative  in  ELISA.  (C)  =  no.  sera  negative  in  SN  and 
negative  in  ELISA. 


Specificity  =  U  =  107  =  100% 

B+D 
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special  procedures  are  developed  as  needed. 

25.  (U)  77  10  -  78  09  The  susceptibility  of  somatic  cell  hybrids  between  canine  perito 
neal  macrophages  and  SV40-transformed  human  cells  was  correlated  to  the  phagocytic  capa 
bility  of  the  cell  population.  Phagocytosis,  however,  was  apparently  under  a  repressor 
control  mechanism  and  a  population  of  cells  exhibiting  this  characteristic  and  total 
susceptibility  to  Ehrlichia  canis  infection  was  unattainable.  Canine  peritoneal  macro¬ 
phages  could  not  be  transformed  by  direct  infection  with  SV40  to  provide  a  continuous 
culture  of  canine  macrophages  to  support  propagation  of  E.  canis.  The  prevalence  of 
ehrlichial  antibodies  among  military  dogs  from  USA  and  USAF  installations  worldwide  v/as 
greatest  in  dog  sera  from  SE  Asia.  A  canine  cell  line  that  had  been  previously  derived 
from  a  canine  tumor  was  characteri^ed  morpholo(|ica1 1y,  karyotypical ly,  and  enzymatical¬ 
ly.  The  cell  is  susceptible  to  infection  with  most  canine  viruses,  and  is  the  cell  of 
choice  for  canine  coronaviruses,  causative  agents  of  viral  diarrhea.  An  epizootic  of 
respiratory  disease  among  military  dogs  at  Lackland  AFR,  TX,  in  Dec  77  was  attributed 
to  canine  parainfluenza  SV5.  Two  of  the  affected  dogs  had  been  vaccinated  against  the 
virus,  indicating  the  necessity  tor  further  surveillance  and  evaluation  of  the  efficacy 
of  the  SV5  vaccine.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research 
Annual  Progress  Report,  1  Oct  77  -  30  Sep  78. 
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MILITARY  PREVENTIVE  MEDICINE 


Work  Unit  012  Diseases  of  the  Military  Dog 
Investlgaturs: 

Principal:  LTC  E.  H.  Stephenson,  VC 

Associates:  L.  N.  Binn,  PhD;  LTC  T.  J.  Keefe,  VC; 

R.  H.  Marchwicki ,  BS;  SP4  B.  Ermellng; 

SP4  R.  Soltero;  and  SP4  R.  Von  der  Porten 

Description: 

To  define,  study,  diagnose,  and  control  known  and  potential 
Infectious  diseases  of  military  dogs.  A  major  effort  Is 
directed  toward  developing  an  alternate  in  vitro  method  of 
cultivating  Ehrlichia  canis  in  lieu  of  the  primary  canine 
peripheral  blood  monocyte  or  peritoneal  macrophage.  Additional 
studies  concern  the  epizootiology,  diagnosis,  treatment,  and 
control  of  other  disease  agents  or  conditions  affecting  the 
military  dog. 

During  the  reporting  period,  research  activities  have  included: 
(1)  attempts  at  cultivation  of  E  canis  in  cells  other  than 
primary  canine  peripheral  blood  monocytes  or  peritoneal  macro¬ 
phages,  (2)  characterization  of  a  canine  cell  line  for  propa¬ 
gation  of  canine  coronaviruses,  and  (3)  serologic  evaluation 
of  an  epizootic  of  respiratory  disease  among  US  military  dogs 
at  Lackland  AFB,  Texas. 

1.  Swiatic  cell  hybrids  of  canine  peritoneal  macrophages  and 
SV-40  tr^sfornie3~  luir'aif  cellsT  Use  for  ^opagation  of 
Ehrl ichia  canis. 


Canine  ehrlichiosis  continues  to  be  a  significant  disease 
problem  among  military  dogs,  especially  those  deployed  in 
tropical  and  subtropical  areas  (1).  Continued  productive 
research  on  ehrlichiae  and  the  disease  they  cause,  however,  has 
been  Impeded  by  an  inability  to  propagate  the  agent  in  large 
numbers  and  the  absence  of  a  reproducible  method  for  quantifi¬ 
cation. 

Recently,  a  somatic  hybrid  cell  was  derived  from  the  fusion  of 
canine  peritoneal  macrophages  and  SV40-transformed  human  cells 
(2).  This  hybrid  cell  showed  a  definite  potential  of  being 
capable  of  supporting  Ehrlichia  canis  replication,  as  a  pro- 


portion  of  the  cell  population  could  be  infected  and  an  increase 
in  the  size  and  number  of  cytoplasnic  inclusions  occurred. 

The  purposes  of  this  study  were  :  (1)  to  define  the  charac¬ 
teristics  of  the  E  canis-susceptible  cell  population  as  con¬ 
trasted  with  the  non-susceptible  population  and  (2)  to  obtain 
clones  of  somatic  hybrid  cells  that  were  totally  capable  of 
supporting  ehrlichial  growth. 

Cells.  Somatic  hybrid  (WRH-2)  cells  were  obtained  from  the 
fusion  of  canine  peritoneal  macrophages  and  SV40- transformed 
human  skin  fibroblasts  (2),  and  were  maintained  in  hypoxanthine- 
aminopterin-thymidine  (HAT)  medium  (3).  Primary  cultures  of 
canine  peripheral  blood  monocytes  were  prepared  as  previously 
described  (4). 

Determination  of  phagocytosis  capability.  Cultures  of  WRH-2 
cells  were  prepared  by  seeding  2.5  X  10^  cells  into  Leighton 
culture  tubes  containing  9  X  35  w.i  glass  coverslips,  which 
yielded  a  60  to  70%  monolayer  after  48  hr  incubation  at  37  C. 

The  culture  medium  was  Eagle's  minimal  essential  mediun  in 
Earle's  balanced  salt  solution  (EHEil)  supplemented  with  1  mli 
glutamine,  10  niM  each  of  nonessential  amino  acids  (NEAA),  and 
10%  fetal  calf  serum  (PCS).  Canine  peripheral  blood  monocyte 
cultures  were  prepared  as  previously  described  (4).  Stock 
suspensions  of  Candida  albicans  were  prepared  by  growing  the 
yeast  in  trypticase  soy  broth  for  48  hr  at  25  C.  Yeast  cells 
were  pelleted  by  centrifugation  at  6,000  X  g  for  15  min  at  4  C, 
then  washed  3  times  in  0.85%  !iaCl  using  the  same  centrifugation 
conditions.  The  final  yeast  pellet  v/as^resuspended  in  0.85% 

NaCl  to  a  final  concentration  of  1  X  10°  yeast  cells/ml  and 
the  yeast  cells  were  heat  inactivated  at  100  C  for  30  min. 

Stock  yeast  suspensions  were  stored  at  -20  C  until  used.  For 
phagocytosis  determinations,  the  stock  yeast  suspension  was 
diluted  in  the  appropriate  culture  medium  to  a  concentration  of 
7.5  X  10°  yeast  cells/ml.  Culture  medium  was  removed  from 
Leighton  tube  cultures  and  1  ml  of  ycast-containing  culture 
medium  was  added,  which  provided  a  culture  cell  to  yeast  cell 
ratio  of  approximately  1:15.  Cultures  v^ere  incubated  for  24  hr 
at  37  C.  Coverslips  were  washed  3  times  with  phosphate  buffered 
saline,  extracted,  and  stained  using  the  Giemsa  method.  The 
relative  percentage  of  cells  containing  yeasts  was  determined 
by  microscopic  examination  of  600  colls. 

Separation  of  phagocytic  and  non-phagocytic  colls  with  carbonyl 
iron.  wnH-2  cells  were  propagated  in  32  oz  bottles  to  obtain 
confluent  monolayers.  To  each  culture  bottle,  an  aliquot  of  5 
mg  of  sterile  carbonyl  iron  was  added,  and  the  culture  was 
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incubated  at  37  C  for  2  hr.  Cells  were  dispersed  with  trypsin- 
EDTA  and  pelleted  by  centrifugation  at  900  X  g  for  10  min  at  4 
C.  The  cell  pellet  was  resuspended  in  25  ml  of  Hanks'  balanced 
salt  solution  (HBSS).  The  suspension  was  exposed  to  a  mag¬ 
net  to  sediment  the  carbonyl  iron-containing  cells  and  free 
iron  particles.  After  aspiration  of  all  but  1  ml  of  the  non- 
sedimented  cell  suspension  the  extraction  procedure  was 
repeated  twice  more.  The  final  cell  pellet  was  used^to  seed 
Leighton  culture  tubes  and  25  cm^  flasks  at  2.5  X  10^  cells/ml 
in  HAT  +  10%  PCS.  Leighton  tube  cultures  were  used  for  phagocy¬ 
tosis  determinations  and  25  cm'^  flasks  were  used  for  cloning. 

Cloning  of  WRH-2  cells.  WRH-2  cells  were  cloned  using  the 
glass  chip  method.  Each  of  4  -  60  mm  petri  dishes  containing 
50  to  100  glass  chips  (0.5  to  1.0  mm  diameter)  was  seeded  with 
7.5  X  10^,  1.0  X  10^,  1.5  X  10^,  and  2.0  X  10^  cells  in  a  total 
volume  of  5  ml  of  culture  medium.  Cultures  were  incubated 
for  18  to  24  hr  at  37  C  in  10%  COp  to  obtain  attachment  and 
spreading  of  the  cells.  Using  an^inverted  microscope  and 
forceps,  glass  chips  with  only  1  cell  attached  were  retrieved 
and  transferred  to  an  individual  well  of  a  24-well  culture 
dish,  each  well  of  which  contained  1  ml  of  culture  medium. 
Cultures  were  incubated  in  a  10%  COp  atmosphere  at  37  C  until 
individual  clones  formed. 

Infection  of  cells  with  Ehrlichia  canis.  Cultures  of  cells  in 
Leighton  culture  tubes  were  prepared  as  described  above. 

Inocula  consisted  of  E  canis  that  had  been  propagated  in 
primary  canine  peripheral  blood  monocytes.  Growth  medium  was 
removed  from  the  cell  cultures,  and  0.4  ml  of  inoculum  was 
added  to  each  Leighton  tube  culture.  After  a  2  to  3  hr 
adsorption  period,  the  excess  inoculum  was  removed  and  the 
cultures  were  fed  with  maintenance  medium.  The  maintenance 
medium  for  URH-2  cells  was  composed  of  EMEM  that  contained  1  mM 
glutamine,  10  mM  each  of  NEAA,  5%  PCS,  and  0.5  ug  of  cyclohexi- 
mide/ml ,  while  medium  for  canine  peripheral  blood  monocytes  was 
EMEM  supplemented  with  20%  canine  serum.  Inoculated  cultures 
were  incubated  at  35  C.  Maintenance  medium  was  changed  24  hr 
after  inoculation  and  every  3  to  4  days  thereafter.  Growth  of 
E  canis  in  cells  was  monitored  by  staining  the  coverslip 
cultures  using  the  direct  fluorescent  antibody  (PA)  technique 
at  selected  time  intervals  after  infection. 

HRH-2  cells  were  permissive  for  the  replication  of  E  canis; 
however,  only  a  small  percentage,  approximately  5  to  7%, 
possessed  this  characteristic.  Infected  cells  were  observed  5 
days  after  infection,  using  the  direct  PA  technique,  and 
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contained  1  or  more  small  inclusions  or  morulae.  After  10 
days,  there  was  an  increase  in  the  size  and  number  of  morulae 
with  a  concomitant  slight  increase  in  the  number  of  infected 
cells. 

The  percentage  of  hybrid  cells  permissive  to  E  canis  paralleled 
the  proportion  of  the  cell  population  that  exFibited  phagocytic 
properties  for  heat-inactivated  Candida  albicans.  Subsequent 
selection  for  phagocytic  cells  using  the  carbonyl  iron  tech¬ 
nique  resulted  in  an  increase  of  the  phagocytic  population  to 
50%.  Cloning  of  these  cells,  however,  did  not  yield  a  subpopu¬ 
lation  of  cells  that  was  totally  susceptible  to  ehrlichia! 
infection.  A  fraction  of  each  subclone  cell  population,  which 
ranged  from  Z  to  25%,  was  phagocytic  and  could  be  infected  with 
E  canis.  Further,  the  original  enhanced  phagocytic  hybrid  cell 
population  and  each  of  the  subclone  populations  reverted  to  the 
5  to  1%  phagocytic  level  after  2  subpassages  of  the  cells. 

The  concept  of  obtaining  somatic  cell  hybrids  between  canine 
peritoneal  macrophages  and  SV40-transformed  human  fibroblasts 
for  the  propagation  of  E  canis  arose  from  the  production  of 
similar  somatic  hybrid  ceTlV  using  mouse  peritoneal  macrophages 
(5)  and  the  subsequent  infection  of  the  mouse-human  hybrids 
with  lactic  dehydrogenase  virus  (6).  In  vitro  replication  of 
E  canis,  like  lactic  dehydrogenase  virus,  is  limited  to  perito- 
nea'l  macrophages  and  peripheral  blood  monocytes  (4,7).  Further, 
the  limitation  for  E  canis  is  species  specific. 

Somatic  cell  hybrids  vtere  derived  from  the  fusion  of  primary 
canine  peritoneal  macrophages  and  SV40- transformed  numan  skin 
fibroblasts,  but  the  segregation  pattern  of  the  chronKisomes  was 
not  as  expected.  It  was  anticipated  that  there  would  be 
preferential  loss  of  human  chroi;iosomes  from  the  hybrid  cells, 
similar  to  the  segregation  pattern  that  was  observed  when  mouse 
peritoneal  macrophages  and  SV40-transformed  Lesch-Nyhan  cells 
were  fused  (5).  The  loss  of  canine  chromosomes  in  the  WRH-2 
cells  paralleled  the  observations  reported  for  somatic  hybrids 
of  nx)use  peritoneal  macrophages  and  IIT-1080  human  fibrosarcoma 
cells  (8). 

The  permissiveness  of  Ui;il-2  cells  for  E  canis  infection  was 
associated  with  expression  of  phagocytic  properties  by  select 
hybrid  cells.  Only  5  to  7%  of  the  cell  population  expressed 
this  property,  and  the  percentage  remained  relatively  constant 
through  60  cell  passages.  Further,  significant  enhancement  of 
the  phagocytic  cell  population  could  not  be  maintained  after 
subcloning.  These  results  suogested  that  the  phagocytic 
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activity  in  most  of  the  hybrid  cells,  and  concomitant  permis¬ 
siveness  to  E  canis  infection,  was  being  suppressed  by  some 
undetermined  mechanism,  presumably  of  the  repressor  type. 

The  inability  to  obtain  a  subclone  of  WRH-2  cells  that  was 
totally  permissive  to  ehrlichiae  precluded  the  continued  use 
of  the  cell  line  for  E  canis  investigations.  However,  since 
canine  chromosomes  were  preferentially  lost  in  the  WHR-2  cells, 
these  somatic  hybrids  could  be  used  for  the  assignment  of  genes 
to  specific  canine  chromosomes.  Additional  studies  are  in 
progress  to  explore  the  potential  of  WRH-2  cells  in  the  propa¬ 
gation  of  other  canine  obligate  microorganisms,  such  as  canine 
herpesvirus  and  canine  distemper  virus. 

The  susceptibility  of  somatic  cell  hybrids  (WRH-2  cells) 
between  canine  peritoneal  macrophages  and  SV40-transformed 
human  cells  was  correlated  to  the  phagocytic  capability  of  the 
cell  population.  Phagocytosis,  however,  was  apparently  under  a 
repressor  control  mechanism  and  a  population  of  cells  exhibiting 
this  characteristic  and  total  susceptibility  to  E  canis 
infection  was  unattainable. 

2.  Infection  and  transformation  of  canine  peritoneal 
macro'pTiages  by  $V40. 

The  only  cultured  cells  that  have  been  shown  to  be  totally 
pemnssive  for  infection  with  Ehrlichia  canis  are  primary 
cultures  of  canine  peripheral  blood  monocytes  (7)  and  perito¬ 
neal  macrophages  (4).  Neither  of  these  cell  types,  however, 
can  be  serially  propagated  and  neither  forms  confluent  mono- 
layers.  As  a  consequence,  ehrlichiae  can  not  be  propagated 
in  large  numbers  and  a  reproducible  method  for  quantification 
can  not  be  developed,  two  criteria  necessary  for  continued 
productive  ehrlichial  research. 

House  peritoneal  macrophages  have  been  infected  and  trans¬ 
formed  by  SV40  (9).  Subclonos  of  the  transformed  mouse  macro¬ 
phages  had  several  characteristics  of  primary  macrophages: 
high  acid  phosphatase  and  phagocytic  activities,  lysozynie  pro¬ 
duction,  and  specific  antigenic  determinants,  the  retention 
of  these  characteristics  by  transformed  mouse  macrophages 
suggested  a  similar  cell  line  might  be  obtained  from  primary 
canine  peritoneal  macrophages.  Development  of  a  SV40-trans- 
formed  canine  peritoneal  macrophage  cell  line  appeared  to  be 
a  potential  source  of  cells  that  would  grow  indefinitely  in 
culture  and  v;ould  be  permissive  to  infection  with  E  canis, 
especially  since  permissiveness  had  been  associated  with  cell 


phagocytosis  capability.  The  purpose  of  this  study  was  to 
investigate  the  feasibility  of  employing  virus  transformation 
procedures  with  canine  peritoneal  macrophages. 

Cells.  Primary  canine  peritoneal  ntacrophages  were  obtained  by 
peritoneal  lavage  and  used  to  seed  25  err  plastic  flasks  as 
previously  described  (4). 

Virus.  SV40  was  kindly  supplied  by  Dr.  B.  Hampar  (National 
Cancer  Institute,  Et.  Detrick,  f1D).  The  stock  virus  prepar¬ 
ation  contained  10°  PFL/ml  in  Eagle's  minimal  essential  medium 
containing  1  mM  glutamine  and  3^.  fetal  calf  serum. 

Conditioned  medium.  Conditioned  medium  was  prepared  by  propa¬ 
gating  canine  peritoneal  fibroblasts  in  RPill  1640  containing 
20%  canine  serum.  After  the  cultures  had  been  incubated  at 
37  C  for  7  days,  the  culture  medium  was  collected  and  filtered 
using  a  0.2  micron  filter  to  remove  cell  debris. 

Infection  of  cells  with  SV40.  Tissue  culture  medium  was 
removed  from  flask  cultures  of  peritoneal  macrophages.  One  ml 
of  stock  SV40  suspension  was  aoued.  After  a  2  hr  adsorption 
period  at  37  C,  excess  inoculum  was  removed  and  5  ml  of  main¬ 
tenance  medium  was  added,  flaintenance  medium  was  caiiposed  of 
RPIII  1640  containing  20'  canine  serum  and  10'',  conditioned 
medium.  Inoculated  cultures  were  incubated  at  35  C.  flainten- 
ance  medium  was  changed  24  lirs  afte^  inoculation  and  every 
3  to  4  days  thereafter.  Five  25  cm"  flask  cultures  each  were 
inoculated  at  42.,  72,  and  96  hrs  after  initial  seeding,  and 
5  uninoculated  flask  cultures  were  used  as  controls. 

Subculturing  of  cells.  Confluent  monolayers  of  peritoneal 
macrophages,  inoculated  and  uninoculated,  were  dispersed  with 
trypsin-EDTA  and  split  1:2  into  25  cm''  flasks  containing  5  ml 
of  maintenance  medium. 

Tumor  (T)  antigen  and  viral  capsid  (V)  antigen  detenaination. 

To  determine  the  presence  of  T  or  V  antigens,  1  ml  aliquots  of 
culture  medium  were  removed  from  flask  cultures  and  trans¬ 
ferred  to  15  X  45  mm  glass  vials  that  contained  circular  cover- 
slips.  Cells  in  the  culture  medium  were  deposited  onto  the 
coverslip  by  centrifugation  ai  900  x  g  for  20  min  at  4  C. 

The  coverslip  was  removed,  aii  dried,  fixed  in  cold  acetone 
for  10  min,  and  storeu  at  -20  C  until  useil.  Examination  for 
T  and  V  antigens  was  made  using  the  indirect  FA  technique 
(these  examinations  were  kindly  done  by  Or.  I'..  Hampar). 
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The  peritoneal  macrophage  cultures  were  approximately  80% 
monolayered  when  inoculated  with  SV40  at  each  of  the  time 
intervals.  Confluent  monolayers  of  inoculated  cells  were 
obtained  by  days  10,  20,  and  30  after  infection,  at  which 
times  the  cultures  were  subcultured.  The  relative  proportion 
of  the  culture  surface  with  attached  cells  in  control  flasks 
was  slightly  less  than  observed  for  the  inocluated  cultures 
at  each  of  these  time  intervals.  Three  to  4  days  following 
the  third  subculture  at  30  days  after  inoculation,  essentially 
all  of  the  cells  in  each  of  the  inoculated  and  control  flasks 
detached.  Greater  than  95%  of  the  detached  cells  were  dead, 
as  determined  by  the  trypan  blue  exclusion  test. 

Examination  of  cell  preparations  made  at  each  time  interval  the 
cultures  were  refed  failed  to  demonstrate  the  presence  of  T 
or  V  antigens  of  SV40. 

Canine  peritoneal  macrophages,  unlike  mouse  peritoneal  macro¬ 
phages  (9),  were  not  permissive  for  SV40  infection.  Conse¬ 
quently,  transformation  of  the  cells  was  unattainable  with 
intact  SV40.  The  apparent  replication  observed  undoubtedly 
was  the  result  of  proliferation  stimulation  by  macrophage 
growth  factor  in  the  conditioned  medium,  as  has  been  reported 
for  mouse  peritoneal  macr  iphages  (10). 

Canine  peritoneal  macrophages  were  not  permissive  for  infec¬ 
tion  by  intact  SV40.  In  the  absence  of  viral  infection,  trans¬ 
formation  of  the  macrophages  was  unattainable. 

3.  Establishment  of  a  canine  cell  line:  derivation,  charac¬ 
terization,  and  viraT~spectrum. 

Primary  and  subcul ti vable  cell  cultures  have  been  used  exten¬ 
sively  as  a  basic  research  tool  in  viral  studies.  Studies  of 
canine  viruses  and  the  diseases  they  cause  commonly  have  been 
accomplished  using  primary  cultures  of  cells  due  to  the  limited 
number  of  available  canine  cell  lines,  such  as  Madin-Darby 
canine  kidney  cells  and  Cf2Th  canine  thymus  cells  (11). 

Investigations  were  initiated  to  establish  one  or  more  new 
canine  cell  lines  that  could  be  employed  for  initial  isolation, 
propagation,  and  study  of  canine  viruses.  Availability  of 
additional  cell  lines  would  allow  viral  diseases  of  the  canine 
to  be  elucidated  more  readily  and  extensively  without  reliance 
on  continuous  preparation  of  primary  cell  cultures,  which  is 
both  expensive  and  time  consuming.  The  purposes  of  this  study 
were  to:  (1)  define  and  characterize  a  canine  cell  line  that 


was  established  and  (2)  delineate  the  susceptibility  of  the 
cell  line  to  infection  with  canine  viruses. 

Initiation  of  cell  line.  Three  tumor  nodules,  each  approxi¬ 
mately  1  cm  in  diameter,  were  aseptically  removed  from  an 
8-year-old,  female  Golden  Retriever  dog.  One  nodule  excised 
from  the  right  inguinal  mammary  area  and  one  from  the  medial 
aspect  of  the  right  stifle  were  processed  for  histopathologic 
examination.  The  third  nodule,  removed  from  the  medial  aspect 
of  the  left  thigh  was  used  for  cell  culture  initiation.  The 
tissue  was  minced  into  pieces  of  approximately  3  mm"^  and  washed 
twice  with  Hanks'  balanced  salt  solution  (HBSS).  Seven  pieces 
of  tissue  were  transferred  to  each  of  3  -  25  cm2  plastic  flasks 
and  positioned  at  different  locations  in  the  flask.  The  flask 
with  tissue  pieces  was  incubated  at  35  C  for  1  hour  to  allow  the 
tissue  to  adhere  firmly  to  the  surface,  after  which  time  1.5  ml 
of  growth  medium  was  added  to  each  flask.  Growth  medium  was 
composed  of  Medium  1.-15  containing  1  mM  glutamine,  30T  fetal 
calf  serum  (PCS),  100  units  of  penicillin/ml,  100  ug  of  strepto¬ 
mycin/ml,  and  2.5  ug  of  amphotericin  B/ml .  Cultures  were  incu¬ 
bated  at  35  C. 

Subculture  methods.  After  liw  initial  monolayers  of  cells  were 
obtained,  the  cells  were  subcultured  by  dispersing  with  0.051^ 
trypsin  -  0.02%  ethylenediaminotetraacetate  (trypsin-EDTA) , 
pelleted  by  centrifugation  at  900  X  g  for  10  min  at  4  C,  and 
splitting  into  fresh  growth  medium.  Subsequently,  cells  were 
subcultured  by  splitting  1:3  and  incubating  at  37  C. 

Morphologic  characteristics.  Cultures  for  cytologic  examination 
were  prepared  by  seeding  2.0  X  10^  cells  into  Leighton  culture 
tubes  that  contained  9  X  35  nm  glass  coverslips.  At  select 
intervals  after  incubation  at  37  C,  the  coverslip  cultures 
were  washed  twice  with  phosphate  buffered  saline,  extracted, 
fixed  in  methanol,  and  stained  by  the  Giemsa  method. 

Growth  characteristics.  Cells  v^ere  seeded  at  a  concentration 
of  1 .1  X  10^  cells  into  75  cm^  plastic  culture  flasks  contain¬ 
ing  30  ml  of  growth  medium,  and  incubated  at  37  C.  At  6,  12, 
and  24  hr  after  seeding,  and  at  24  hr  intervals  thereafter,  the 
cells  in  each  of  3  culture  flasks  were  dispersed  with  trypsin 
EDTA  and  counted  in  triplicate  using  trypan  blue  exclusion  to 
indicate  cell  viability. 

Karyotypic  analysis.  Giemsa  (G-)  banding  staining  of  the 
methaphase  chromosomes  of  the  cells  in  the  128th  passage  level 
was  performed  by  Lavappa's  modification  of  the  method  described 
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by  Seabright  (12,13).  Micrographs  were  made  and  analyzed  of 
a  minimum  of  50  metaphases. 

Enzyme  analysis.  Three  strains  of  cultured  cells  were  used 
as  a  source  of  enzymes:  initiated  cell  line,  canine  kidney, 
and  canine  peritoneum.  Cultures  of  canine  kidney  cells  and 
canine  peritoneum  cells  were  prepared  by  the  method  of  Hoi  per 
(14).  Canine  kidney  cells  were  propagated  in  Eagle's  basal 
medium  in  Earle's  balanced  salt  solution  supplemented  with 
1  mM  glutamine  and  lOT.  PCS,  while  canine  peritoneum  cells 
were  grown  in  RPMI  1640  medium  containing  PCS.  Cells 
were  adjusted  to  a  concentration  of  8  X  10'  cells/ml  and 
disrupted  by  homogenization  or  multiple  freeze-thaw  cycles 
in  1:20  Tris-EDTA-borate  buffer,  pH  8.6.  Membranes  and  other 
particulate  componenents  wore  pelleted  by  centrifugation  at 
40,000  X  g  for  60  min.  Supernatant  enzymes  were  examined  by 
vertical  starch  gel  electrophoresis  as  described  by  Nichols 
and  Ruddle  (15).  Staining  of  gels  for  specific  enzymes  was 
accomplished  using  minor  modifications  of  established  methods 
(15,16).  Enzymes  analyzed  included  glucose-6-phosphate 
dehydrogenase  (G6PI),  EC  1.1.1.  40),  glucose  pliosphate  isomerase 
(GPI,  EC  5.3. 1.9),  lactate  dehydrogenase  (LIJII,  EC  1.1.1.27), 
mannose  phosphate  isomerase  (MPI,  EC  5. 3. 1.8),  phosphogluco- 
mutase  (PGM,  EC  2.7.5. 1),  and  purine  nucleoside  phosphorylase 
(NP,  EC  2. 4. 2.1). 

Virus  host  range.  Viral  seed  suspensions  were  propagated  and 
titrated  in  the  appropriate  reference  cells  as  shown  (Table  1). 
CultureSrOf  the  initiated  cell  line  were  prepared  by  seeding 
2.5  X  10^  cells  into  16  X  125  mm  screw-cap  culture  tubes 
containing  1  ml  of  growth  medium.  After  48  hr  incubation  at 
37  C,  each  of  2  culture  tubes  was  inoculated  with  0.1  ml  of 
ten-fold  dilutions  of  virus  in  maintenance  medium,  then  incu¬ 
bated  at  37  C  for  1  hr  for  adsorption.  The  cultures  were  fed 
with  1.5  ml  of  maintenance  nu'dium,  which  was  comprised  of 
Medium  L-15  supplemented  with  1  mM  glutamine,  10*.  PCS,  and 
antibiotics.  Inoculated  cultures  were  incubated  at  37  C. 

Tubes  were  examined  daily  for  6  days,  with  the  degree  of  CPE 
being  recorded.  Denwdsnrpt ion  was  perfornH'd  by  standard 
techniques. 

The  tumor  nodule  removed  from  the  ricjht  inguinal  maniiiary  area 
was  diagnosed  histopathological  ly  as  an  adonoca»'cinonvi.  Diag¬ 
nosis  of  the  type  of  tumor  from  which  the  cell  line  originated, 
however,  was  not  made  due  to  the  limited  aiiwunt  of  tissue 
available. 


The  initial  cell  cultures  attained  confluency  by  28  days  after 
initiation,  and  consisted  of  fibroblast-1 ike  cells.  These 
cells,  which  were  designated  A-72  cells,  have  been  maintained 
in  monolayer  culture  for  more  than  135  serial  passages.  Mor¬ 
phologic  characteristics  of  A-72  cells  have  remained  typically 
fibroblastic.  The  cells  have  vaccuolated  cytoplasm  and  spher¬ 
ical  to  ovoid  nuclei  containing  several  nucleoli. 

Once  established,  monolayer  subcultures  grew  to  confluency  in 
6  to  7  days  after  a  3:1  split.  The  growth  curve  of  A-72  cells 
in  monolayer  culture  at  the  123rd  passage  level  showed  a  loga¬ 
rithmic  increase  in  the  number  of  cells  between  6  and  120  hr 
after  seeding  (Fig.  1),  with  a  population  doubling  time  esti¬ 
mated  to  be  19  hr.  A-72  cells  did  display  density  dependent 
inhibition  (contact  inhibitiop  of  cell  division),  and  grew  to 
a  maximum  density  of  2.5  X  lO"^  cells/cm^. 

Chromosome  analysis  of  A-72  cells  was  made  at  the  128th  passage 
level.  The  chromosome  number,  determined  from  counts  on  30 
metaphase  spreads,  was  bimodally  distributed  with  peaks  cen¬ 
tering  on  92  and  93  (2n)  chromosomes  per  cell. 

The  electrophoretic  mobility  of  enzymes  obtained  from  A-72 
cells  was  identical  to  that  of  enzymes  expressed  by  canine 
peritoneum  cells  and  canine  kidney  cells.  Tlius,  expression  by 
A-72  cells  of  the  6  enzyiiies  examined  was  typically  canine. 

Of  the  7  canine  viruses  tested,  4  produced  readily  recognizable 
CPE  in  cultures  of  A-72  cells  and  a  jth  virus  (canine  parain¬ 
fluenza  SV5)  v/as  detectable  by  hamacisorption  (Table  1).  The 
susceptibility  of  A-72  cells  to  each  of  these  5  viruses  was 
essentially  equivalent  to  that  observed  with  the  appropriate 
reference  cell  type.  A-72  cells  v;ore  not  susceptible  to  infec¬ 
tion  with  either  canine  distemper  virus  or  minute  virus  of 
canines. 

Development  of  a  canine  cell  line  susceptible  to  infection 
with  several  canine  viruses  provided  a  significant  diagnostic 
and  research  advancement.  The  majority  of  cell  lines  avail¬ 
able  for  virus  diagnostic  and  research  v/ork  are  of  human  or 
rodent  origin.  Relatively  few  cell  lines  of  canine  origin 
have  been  established  (11 ,17, It, 19) .  In  viev/  of  the  host 
specificity  of  many  viruses,  a  greater  variety  of  canine  cell 
lines  are  a  necessity  'or  continued  expansion  of  studios  of 
canine  viruses  and  the  diseases  they  cause.  Reliance  upon 
primary  canine  cell  lines  is  often  cost  prohibitive,  as  well 
as  time  consuming.  Thoi'  ^'ore ,  ,ie  susceptibility  of  A-72 


cells  to  Infection  with  5  of  the  7  canine  viruses  tested  indi¬ 
cated  the  definite  potential  of  A-72  cells  in  the  study  and 
isolation  of  these  viruses,  and  possibly  others. 

Morphologic  characteristics,  growth  parameters,  proliferative 
capacity,  and  media  requirements  of  A-72  cells  have  not 
changed  significantly  throughout  135  passages.  Thus,  the 
criteria  have  been  fulfilled  for  an  established  cell  line. 

The  chromosome  composition  of  A-72  cells  (2n  =  92  to  93),  how¬ 
ever,  was  an  unexpected  finding,  as  canine  cells  normally 
contain  78  chromosomes.  Definition  of  which  chromosomes  were 
present  in  increased  numbers  will  be  known  upon  completion  of 
the  karyotype  analysis.  Expression  of  only  canine  functions  by 
A-72  cells  was  substantiated  by  the  enzyme  analyses. 

A  cell  line  (A-72)  for  canine  virus  studies  was  established 
from  a  tumor  surgically  removed  from  a  female,  8-year-old 
Golden  Retriever  dog.  .-ol lowing  explant  culture,  the  cells 
have  been  serially  passaged  135  times.  A-72  cells  have  main¬ 
tained  a  fibroblastic  appearance  and  have  a  population  doubling 
time  of  approximately  19  hours.  Karyotypic  analysis  showed  the 
modal  2n  chromosome  number  to  be  92  to  93.  Using  starch  gel 
electrophoresis  for  enzyme  characterization,  the  electrophor¬ 
etic  mobilities  of  enzymes  extracted  from  A-72  cells  were 
identical  to  those  of  canine  peritoneal  fibroblasts  and  pri¬ 
mary  canine  kidney  cells.  The  A-72  cells  were  susceptible  to 
infection  with  infectious  canine  hepatitis  virus,  canine  adeno¬ 
virus  type  II,  canine  herpesvirus,  canine  parainfluenza  virus, 
and  canine  coronavirus,  but  were  not  susceptible  to  canine 
distemper  virus  or  minute  virus  of  canines.  These  cells  have 
been  particularly  useful  for  studies  of  the  fastidious  canine 
coronaviruses,  as  the  conmonly  used  primary  canine  kidney 
cells  exhibit  varied  susceptibility  to  these  viruses. 

4 .  Respiratory  disease  in  recruit  military  dogs:  Canine 
parainfluenza  virus  infections  in  vaccinated  dogs. 

Numerous  epizootics  of  respiratory  disease  have  occurred  from 
1965  to  1974  in  US  military  dogs  at  the  recruitment  and  train¬ 
ing  centers.  During  the  outbreaks,  approximately  20"  of  the 
dogs  developed  signs  of  disease  with  many  dogs  being  affected 
for  10  to  14  days.  Etiologic  studies  incriminated  canine  para¬ 
influenza  (CPI)  virus  as  the  causative  agent  in  each  outbreak, 
and  serologic  tests  showed  that  almost  all  of  the  susceptible 
dogs  became  infected  (20,21). 

A  multivalent  vaccine  containing  attenuated  CPI  virus  was 
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licensed  by  the  USDA  in  December  1974.  Following  experimental 
challenge,  dogs  given  the  CPI  virus-containing  vaccine  did  not 
develop  signs  of  disease,  but  were  infected  as  evidenced  by 
excretion  of  virus  and  rises  in  antibody  titers  (22).  The  manu¬ 
facturer  reconmended  that  the  vaccine  be  given  by  either  the 
subcutaneous  (SC)  or  intramuscular  (IM)  routes,  although  the 
latter  route  was  slightly  more  antigenic.  Because  the  evalu¬ 
ation  data  on  the  vaccine  was  limited,  a  field  trial  in  mili¬ 
tary  dogs  was  initiated  before  adoption  of  the  vaccine  for 
routine  use.  The  results  of  this  study  indicated  that  the 
vaccine  did  not  produce  any  untoward  reactions,  the  CPI  virus 
did  not  spread  to  contact  dogs,  and  significant  levels  of 
serum  neutralizing  antibodies  developed  in  almost  all  dogs 
receiving  2  IM  injections  (2).  Therefore,  a  recommendation 
was  made  in  November  1977  to  use  the  new  vaccine  for  routine 
vaccination  of  US  military  dogs,  with  the  specific  recommenda¬ 
tion  to  administer  IM  doses  of  vaccine  30  days  apart  followed 
by  an  annual  booster  dose  thereafter.  Continued  surveillance 
of  respiratory  disease  among  military  dogs  also  was  suggested 
due  to  the  limited  data  on  efficacy  of  the  product  under  pro¬ 
longed  field  usage.  The  purpose  of  this  report  is  to  summarize 
the  laboratory  observations  on  a  small  outbreak  of  respiratory 
disease  that  occurred  in  December  1977  among  military  dogs  at 
the  Department  of  Defense  (DOD)  Dog  Center,  Lackland  Air  Force 
Base,  TX. 

A  limited  epizootic  of  respiratory  disease  occurred  at  the  DOD 
Dog  Center  between  6  and  9  December  1977.  During  the  4-daY 
period,  33  of  320  (10%)  unvaccinated  dogs  and  3  of  20  (15%; 
vaccinated  dogs  developed  signs  of  upper  respiratory  infection. 
Two  of  the  vaccinated  dogs  had  received  2  SC  injections  of  CPI 
vaccine  and  the  third  vaccinated  dog  had  been  given  1  IM  injec¬ 
tion.  The  severity  and  duration  of  clinical  illness  among  the 
3  vaccinated  dogs  essentially  was  identical  to  the  syndrome 
exhibited  by  the  unvaccinated  dogs. 

Acute  and  convalescent  serum  samples  were  obtained  from  each  of 
the  clinically  ill  dogs.  Increased  CPI  virus  neutralizing  anti¬ 
body  titers  were  demonstrated  in  27  of  the  33  (82%)  affected 
dogs.  Of  the  3  vaccinated  dogs,  2  had  significant  rises  in 
antibody  titers,  while  the  third  dog  had  high  levels  of  neutral¬ 
izing  antibodies  in  both  serum  samples.  These  observations 
clearly  indicated  that  CPI  virus  infections  were  associated 
with  the  disease  outbreak.  Although  each  of  the  vaccinated  dogs 
that  became  ill  had  not  been  iniminized  in  the  recommended  man¬ 
ner,  the  findings  demonstrated  the  necessity  for  continued 
surveillance  of  respiratory  disease  and  CPI  vaccine  evaluation 
ar.x)ng  military  dogs. 
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23.  (U)  Development  of  physiological  means  of  Interrupting  malaria  transmission  through 
an  understanding  of  factors  affecting  parasite  Infectlvlty  In  vivo  and  In  vitro.  De¬ 
velop  test  systems  for  studying  mechanisms  underlying  sporozoite  Induced  Immunity  for 
the  eventual  prevention  and  control  of  malaria  In  military  troops.  Develop  model  for 
the  transmission  of  African  trypanosomiasis  In  the  laboratory  and  for  utilizing  the 


24.  (U)  Detemlne  quantitatively  such  parameters  as  the  minimum  numbers  of  Inmiune  cells 
required  to  convey  protection  against  Plasmodium  berghel  malaria.  Isolation  of  differ¬ 
ent  stages  of  the  malaria  parasite  on  density  gradients  for  subsequent  study  In  culture 
systems.  Establish  a  self  sustaining  colony  of  tsetse  flies  followed  by  the  cyclic 
transmission  of  trypanosomes  between  Insect  vector  and  rodent  host.  Screen  various 
vertebrate  and  Invertebrate  cell  cultures  for  the  propagation  and  differentiation  of 
the  blood  stages  and  Insect  cycle,  respectively,  of  Trypanosoma  rhodeslense. 


25.  (U)  77  10  -  78  09  Protection  against  Plasmodium  berghel  sporozoites  could  be  coi 
ferred  on  recipient  animals  with  sensitized  spleen  cells  provided  the  recipients  weri 
seml-lethally  Irradiated  prior  to  cell  transfer  and  boosted  24  hours  after  transfer  i 
10,000  Irradiated  sporozoites.  Without  this  augmentation,  simple  adoptive  transfer  i 
resistance  with  Immune  cells  Is  not  possible.  Trypanosoma  rhodeslense  has  been  tran 
mltted  to  tsetse  files  but  the  percentage  of  mature  Infections  found  in  the  salivary 
glands  Is  very  low.  Two  continuous  vertebrate  cell  lines  are  now  used  to  support  the 
growth  of  Infectious  bloodstream  forms  of  Trypanosoma  rhodeslense.  For  technical  re' 
oort,  sec  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report,  1  Oct  77  - 
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Description 


The  major  objectives  of  this  work  unit  have  been  (1)  the 
establishment  of  a  self-sustaining  colony  of  tsetse  files,  (2)  the 
development  of  a  rodent/fly/rodent  transmission  model  for 
Trypanosoma  rhodeslense  and  (3)  screening  various  primary  and  con¬ 
tinuous  cell  cultures  from  both  vertebrate  and  Invertebrate  species 
for  the  propagation  and  differentiation  of  the  blood  and  Insect 
stages,  respectively,  of  a  number  of  African  trypanosomes.  In 
addition,  collaborative  studies  with  personnel  in  the  Department 
of  Immunology,  WRAIR,  have  focused  on  the  effects  of  exposure  to 
lymphocytes  on  the  Infectlvlty  of  Plasmodium  berghel  sporozoites 
(with  CPT  James  K.  Lovelace)  and  the  use  of  liposomes  to  treat  ex¬ 
perimental  malaria  (with  LTC  Carl  R.  Alving) .  Progress  on  the 
latter  two  projects  Is  covered  in  the  annual  report  of  the  Depart¬ 
ment  of  Immunology. 


1.  Colony  Establishment  of  the  Tsetse  Fly,  Glossina  morsltans 


Significant  progress  has  been  made  towards  achieving  a  totally 
self-sufficient  colony  of  tsetse  flies  for  use  in  experimentation 
with  T.  rhodeslense  infections.  At  this  point  in  1977,  our  labora¬ 
tory-reared  female  population  stood  at  =  100,  whereas  today  the 
female  population  is  greater  than  1,200.  This  Improvement  can  be 
largely  attributed  to  changes  in  the  flies'  blood  source.  New 
Zealand  rabbits,  and  more  specifically  to  improved  rabbit  diets. 

A  severe  population  decrease  was  experienced  In  January  1978, 
which  was  apparently  due  to  an  unknown  toxicant  In  the  rabbit 
diet,  NIH  09.  Switching  to  NIH  34m  (guinea  pig  chow)  and  auto¬ 
claving  It  prior  to  feeding  resulted  In  an  Immediate  curtailment 
of  mortality  problems  and  Increased  fecundity  (Table  1).  However, 
autoclaving  the  diet  was  thought  to  cause  vitamin  deficiencies  In 
the  rabbltsyso  a  vitamin  fortified,  autoclavable  diet,  NIH  32,  was 


obtained  which  alleviated  this  difficulty  without  any  negative  Im¬ 
pact  on  fly  survival  or  fecundity  (Table  1) .  The  primary  Indica¬ 
tors  of  colony  vigor  are  mean  puparlal  weight,  mean  adult  mortality, 
average  puparla  per  female,  and  percent  adult  ecloslon.  Of  these 
four,  three  can  be  expressed  by  the  term,  the  Innate  capacity  for 
Increase  or  Tm.  This  value  can  be  derived  as  follows: 

Tm  -  log„  (Nt/N„) 

— 

where  -  Number  of  Individuals  at  time  t 

Nq  ■  Number  of  Individuals  at  time  0 

T  K  Interval  over  which  population  is  observed 

The  Tm  obtained  using  both  the  guinea  pig  diet  and  the  NIH  32 
diet  was  0.0124,  a  35%  Improvement  over  the  old  rabbit  diet,  NIH  09 
(Tm  -  0.0080). 

Although  theoretically  an  optimal  female  population  size  of 
“  2000  can  be  achieved  by  rearing  flies  on  rabbits,  this  procedure 
Is  labor-intensive  (5-6  man  hours /day)  and  expensive  in  terms  of 
rabbit  per  diem  costs  (a  minimum  of  32  rabbits  must  be  maintained). 
It  Is  therefore  desirable  to  convert  the  colony  to  an  ^  vitro 
feeding  system  as  has  been  done  at  most  ocher  large-scale  rearing 
activities.  This  would  require  approximately  750-ml  of  pig  blood 
per  week.  Up  until  early  July  of  this  year  the  donor  sow  at  the 
WRAIR  Farm  was  maintained  on  a  standard  hog  diet  which  contained 
an  abundance  of  antibiotics.  In  early  July  the  sow  was  placed  on 
an  antlblotlc-free  diet.  The  results  presented  in  Table  2  reflect 
the  effects  of  antibiotic  both  on  average  dally  reproduction  and 
on  mean  puparlal  weight.  Both  of  these  were  considerably  improved 
when  the  sow  was  shifted  to  an  antlblotlc-free  diet  (Table  2). 
However,  the  average  dally  reproduction  of  ^  vltro-fed  flies 
still  lagged  far  behind  that  of  flies  maintained  on  rabbit  blood 
alone;  each  female  fed  on  pig  blood  was  replacing  herself  1.6 
times  over  the  course  of  her  90  days  of  reproductive  life  while 
each  rabbit-fed  female  was  replacing  herself  2.5  times  over  the 
same  period. 

2.  Development  of  a  Cyclical  Transmission  Model 

A  strain  of  T.  rhodeslense  (LVH) ,  obtained  from  a  Kenyan  In 
1975  and  subsequently  passed  in  rodents,  was  used  to  obtain 
stabilates  for  immunological  studies  on  antigenic  variation  as 
well  as  for  studies  on  cyclical  development  In  tsetse  flies. 

Flies  less  than  48  hours  old  were  fed  either  directly  on 
C57BL/6  mice  Infected  with  trypanosomes  from  the  first  parasltemlc 
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peak  or  else  they  obtained  an  infective  meal  of  the  same  trypanosome 
isolate  purified  through  a  cellulose  column,  resuspended  in  horse, 
pig,  or  rabbit  blood,  and  finally  administered  through  an  in  vitro 
feeding  system  to  enhance  uniformity  of  infection.  Following  the 
infective  meal,  the  flies  were  maintained  on  a  rabbit  for  18-21 
days,  then  switched  to  mice  to  determine  which  flies  had  actually 
obtained  a  mature  salivary  gland  infection.  This  was  done  by 
feeding  single  flies  on  single  mice  and  checking  dally  by  using 
wet  blood  mounts  from  mouse  tails.  Between  3-40  days  post-infec¬ 
tion,  dead  or  moribund  flies  were  removed  dally  and  prepared  for 
histological  examination  of  the  mldgut,  hlndgut,  hemocoel,  proven- 
trlculus,  and  salivary  glands.  The  presence  of  trypanosomes  was 
recorded  as  either  heavy,  moderate,  or  light  depending  on  the 
relative  numbers  found  in  each  tissue. 

The  complete  regimen  of  tests  conducted  is  shown  in  Table  3. 

The  usual  Isolate  of  choice  for  infection  was  LVH.  However  in 
test  10  a  strain  (MFM)  previously  passed  through  a  fly  was  used  to 
determine  if  cyclical  passage  caused  enhanced  infection  rates. 

The  general  thrust  of  these  tests  was  to  determine  conditions  for 
enhanced  infection  rates  in  flies.  Simultaneously,  a  predictive 
model  was  to  be  developed  that  would  allow  one  to  predict  salivary 
gland  infection  rates  by  examing  Infection  rates  in  midguts. 

The  data  in  Table  3  suggest  that  because  overall  infection 
rates  are  very  low  any  differences  are  likely  to  be  subtle.  A 
total  of  12  flies  achieved  mature  infections  in  8  experiments;  two 
experiments  failed  to  yield  infected  flies.  Of  the  12  Infected 
flies,  one  became  infective  18  days  post-infection  (Test  10,  the 
fly-passed  Isolate),  and  in  test  9  the  latest  Infection  was  ob¬ 
tained  from  a  fly  29  days  post-infection.  All  the  other  flies  be¬ 
came  infective  between  22  and  28  days  post-infection.  In  most 
instances  a  normal  mouse  would  develop  a  parasitemia  72  hours 
after  an  Infected  fly  bite. 

The  sequence  of  development  of  an  Infection  in  flies  is  from 
posterior  mldgut  (PMG)  to  anterior  midgut  (AMC)  to  proventrlculus 
(PV)  to  salivary  glands  (SG),  and  each  of  these  stations  represents 
a  barrier  to  further  cyclical  development;  thus,  the  relationship 
between  the  PMG  and  AMG  Infection  rates  and  the  SG  infection  rate 
are  quite  important.  Theoretically  each  station  in  the  develop¬ 
ment  of  infection  should  display  a  lower  rate  than  the  preceding 
station  and  a  higher  rate  than  the  succeeding  station.  In  general 
terms  this  is  true.  However,  the  lack  of  a  difference  between  PMG 
and  AMG  infection  rates  Is  most  likely  due  to  the  fact  that  rela¬ 
tively  few  flies  were  collected  less  than  7  days  post  ecloslon, 
meaning  that  many  PMG  infections  must  have  died  out  early  while 
those  that  persisted  into  AMG  infections  usually  also  retained 
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«  PM(;  infection.  An  wam  pxppctnJ,  I’V  infection  rrtt^M  mnii^d  from  0 
to  lOOX  (avoroito  -  AM)  of  M\(>  AM(:  rnton  vhllo  SO  rMtoN  rAngod  from 
0  to  f»Ot  of  tijo  AMO  rAtoM  (AvorAito  »  IIS)  aoiI  A®  to  lOOS  of  th»  PV 
rAtoA  (avatako  •  7SS).  Tho  two  blitgAAt  bArrIorA  wtnild  h#ncA  b*  tbo 
Vow  inttlAl  V'MO  inf Action  rAtA  And  tbA  low  provAntrlculAr  infACtlon 
rAtA.  To  dAtA,  tborA  Iiava  boon  no  caaaa  wborA  a  provAntriculAr  in¬ 
fACtlon  rAtA  WAA  ObtAlOAd  And  A  AaIIVAVV  ItlAnd  rAtA  WAA  not. 

TIia  dAtA  pi'AAAntAd  bv  Hlixton  tl)  MlTot*  nhowotl 

mAtnrA  inf  Action  rotAA  of  T.  ibodoAiAnAA  in  C.  morAitAPA  rAnittnit 
from  l.ft  to  ^S  In  tbo  flAUl  And  ftomT.is  to  I A .  "in  tbA  lAborAtory, 
dApAnding  on  trvpAOOAomAl  lAolAto.  Otir  roAnltA  AbowAd  no  Algnlfi- 
CAnt  diffAIAnCA  bAlWAAO  rllAA  lufACtOd  on  pATAAltAmiC  miCA  (tAAtA 
7  And  'i)  AtuI  tboAA  I  Ad  tbi'ongb  a  mombrAnA  on  pAi  AuitAA  rAAUApAndAd 
in  bv>rAA  blood.  VbA  bigboAt  mAtujA  Infpctlon  tAtAA  wltb  tbo  lA’II 
lAOlAtA  OCOnrVAd  wttb  ^  And  h-dAV  pAVAAltAmiC  mICA  (AVAtAgA  •  1.?t) 
wbilA  tbA  MKN  lAolAtA  bAd  A  Algnif IcAnt Iv  bigbAV  rAtA  of  N.hS. 

Jonni  (4)  (//)  oAlng  T.  brnc^i,  fovind  mAtnro  InfAction  rntAA  of  v*p 
to  44S  viAing  apacIaI  infoctii'n  piocAdniAA  wtiicb  wa  aia  AttAmpting 
to  dnpItcAtA.  llowAVAr,  avao  tbo  moMt  judicionA  ApplicAtion  of 
dAnni'A  prooAdnvAA  Im  n«’t  AxpoctAd  to  vlold  noArly  A«cb  blgb  rAtoK 
oonAidAi'ing  tbo  apocIaa  AtuI  gAnoVAl  low  infACti\'ilv  of  tbix  pnr- 
tlctilAr  lAolAtA.  Still  mofA  work  OAAdn  to  bA  dttno  itt  not  onlv  im¬ 
proving  infACtlon  rAtPA  of  tm'lAtAA,  but  aIm.»  in  Acbiovlng  clt'OAl 
infACtionn  in  flloA. 

1.  ImmnnlrAt  lott/t'bAllAttgA  loAtA  with  InfoctAd  ’IaaIua  FUab 
An  InfACtod  fiv  contAining  1 1  vt'AnoAoiHA  iuolAto  Nl^l  1b*i  bb  waa 

diAAACtAd  And  tlAnnoA  BAt'AfAtod  tO  Vlold  BAliVAfV  glAltdn  (StD, 

midgnt  (MtO  And  provont  r  I  cn  1  ns  (I'V),  Tbo  t  Ibbiiab  wore  tbon 
BApAtAtAlV  mACorAted  in  A  BVt  IttgA  witb  totAl  CAlf  BAftim.  I'U'O  miCA 
WAfA  inlACtAd  witlt  tbA  ItiAdiAlrd  unBi'AOBit'n  «>btAlitAd  ttom  AAcb 
mACAIAtA.  Mice  WAtA  ABtltV.AtAd  tO  ItAVA  lAColVAd  t  llA  following 
nnmbArB  of  t  rvpAt\«'t».'«tAB  . 

MicA  ll-SC  I  -  1(>^'  t  rvpAitoBv'mAB  OAcb 

NiCA  ll-Mtl-l  >N  4  -  (>  X  It)  t  rvpAitorti'mAB  oAcb 

MlcA  ll-l’V-^  b  fi  "  i,S  X  Id'  t  rvpAitOBomAB  aacIi 

FIva  otbAt  micA  WAtA  nimi'lv  inlcctAd  wltb  ml  AAcb  ol 

fAtAl  CAlf  BAl'tim  Atul  VAfA  doBignAtod  I  I  “Ft’S- 1  4 ,  <S  TAblA  4 

BtimmAriXAB  tbo  tABultB  ot  a  cbAllongo  .'f  tbAUA  miCA  ApproximAt  aIv 
I  montltB  lAtAf  bv  tbo  bltr  ol  a  I  Iv  intActod  wltb  I  Vll  1 1  vpAtu'BomoB . 

A  fIrBt  InfACtlon  waa  aIwavb  obtAioAd  on  dAv  4  oi  AAtlior,  Bttg- 

gABt  ing  no  prof  Action  from  t  Ito  Immnitl  rAt  ion  pii'CAdnrr.  TIiaba  mIcA 


•11  received  Berenll  treatment  sometime  during  or  shortly  after 

peak.  These  same  mice  were  then  challenged 
with  the  same  fly  (2nd  infection)  2  weeks  or  more  after  Berenll 
treatment.  Some  protection  was  afforded  all  mice  which  were  cured 
by  Berenll  treatment  after  the  1st  parasltemlc  peak  with  delays 
in  parasitemia  ranging  from  5  days  In  ll-MG-3  to  19  days  In 
ll-SG-2.  Similarly  these  mice  were  again  challenged  (3rd  Infec¬ 
tion)  with  a  different  fly  Infected  with  LVH  In  test  13.  Delays 
In  parasitemia  were  again  experienced  with  11-FCS-l  and  ll-SG-2 
experiencing  no  parasitemia  up  to  day  25  and  30  post-infection, 
respectively. 


A  repeat  of  this  experiment  was  then  attempted  using  the 
tissues  from  the  Infected  fly  In  test  11  for  immunization.  The 
immunizations  and  mouse  numbers  were  assigned  as  follows: 


Mouse  # 

13-SG-l 

#Tryp8 

3.5 

Injected 

X  10^ 

13-SG-2 

3.5 

X 

10^ 

13-MG-I 

4.3 

X 

10^ 

13-MG-2 

4.3 

X 

10^ 

13-PV-l 

10^ 

13-PV-l 

10^ 

13-FCS-l, 2, 3, 4 

none 

These  mice  were  then  challenged  with  the  Infected  fly  from 
with  the  results  shown  In  Table  5.  The  fetal  calf  serum 
IFCS)  controls  had  been  Injected  with  Berenll  and  allowed  to 
^  weeks  before  a  first  Infection  attempt.  The  first 
challenge  on  the  Immunized  mice  occurred  within  1  month  after 
vaccination  with  trypanosomes  to  avoid  possible  loss  of  Immunity. 
No  protection  was  afforded  by  Immunization  with  fly-form  trypano- 
t^mes,  at  least  In  the  numbers  used  In  these  tests  (Table  5). 

The  reason  for  lack  of  parasitemia  In  one  control  mouse  (13-FCS-l) 
is  not  clear,  but  may  Indicate  that  the  fly  had  temporarily  lost 
Infectlvity.  The  curing  of  a  prior  parasitemia  appears  to  afford 
some  protection  against  the  same  isolate  (passed  through  2  dif¬ 
ferent  flies)  and  suggests  that  some  form  of  Immunization  may  yet 
be  possible. 
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4.  Cultivation  of  Trypanosoma  brucel  brucel  and  T.^. 

rhodealenae  In  Vertebrate  and  Invertebrate  Cell  Llnea 

In  1977,  Hlruml  et  al.  (2,  S)  reported  the  aucceaaful  cultiva¬ 
tion  of  brucel  (strain  427)  using  a  bovine  flbroblast-llke 
cell  line  and  RFMI  1640  medium  supplemented  with  20Z  fetal  bovine 
serum.  The  trypanosomes  so  grown  retained  the  morphological  char¬ 
acteristics  of  the  long,  slender  bloodstream  trypomastlgotes.  In¬ 
cluding  the  surface  coat,  and  were  Infective  for  mammalian  hosts, 
although  with  ever  decreasing  virulence.  The  potential  of  such  a 
system  for  obtaining  large  numbers  of  parasites  for  vaccine  pur¬ 
poses,  for  biochemical  studies  and  for  Insight  Into  the  mechanisms 
of  antigenic  variation  Is  readily  apparent  and  the  purpose  of  the 
current  research  was  to  test  the  possibility  of  using  the  same 
ILRAD  cell  line  or  other  cell  lines  to  grow  the  bloodstream  forms 
of  a  number  of  African  trypanosomes. 

Four  Isolates  of  brucel  were  used:  canine  73  and  strain 
427  of  brucel  and  the  Wellcome  and  LVH  Isolates  of  T.b. 
rhodeslense .  The  cell  lines,  listed  In  Table  6,  were  obtained 
from  other  departments  at  WRAIR,  from  the  American  Type  Culture 
Collection,  Rockville,  MD,  or,  In  the  case  of  the  ILRAD  line,  from 
Dr.  H.  Hlruml,  Nairobi,  Kenya.  Prior  to  receiving  the  ILRAD  line, 
preliminary  work  Indicated  that  the  L929  cell  line  showed  the  most 
promise  In  supporting  the  growth  of  the  trypanosomes  and  hence.  It 
was  used  most  often  for  comparative  studies  once  the  ILRAD  line 
was  available. 

Early  experiments  with  the  canine  Isolate  of  ^  brucel  In¬ 
volved  the  above  two  cell  lines.  Initially,  a  total  of  10  flasks 
of  L929  cells  and  8  of  ILRAD  cells  were  Inoculated  with  0.8-7 
and  2  -  6.4  X  10^  trypanosomes /ml,  respectively.  The  Individual 
flasks  were  subcultured  when  the  count  of  trypanosomes  per  ml  ex¬ 
ceeded  by  50%  the  count  of  the  initial  inoculum.  Following  sub- 
culturlng,  the  trypanosomes  were  again  counted  In  the  old  as  well 
as  in  the  new  flask.  Periodically,  an  aliquot  (usually  0.5  ml) 
of  the  parasite  suspension  was  removed  from  the  flasks  and  Inocu¬ 
lated  Into  normal  mice  to  test  for  Infectlvlty.  The  parasites  in 
the  ILRAD  cells  survived  a  maximum  of  7  days.  Only  on  the  second 
day  did  2  of  the  flasks  require  subculturing.  In  the  remaining 
flasks  the  parasites  did  not  Increase  In  number  but  remained 
either  approximately  equal  to  the  Initial  number  or  began  to  die 
very  quickly.  The  parasites  In  all  of  the  flasks  began  to  decrease 
by  day  3  or  4  and  all  of  the  flasks  were  discarded  by  day  7.  In 
contrast,  the  parasites  cultured  with  the  L929  cells  initially 
grow  with  great  rapidity.  It  was  not  uncommon  to  subculture  many 
of  the  flasks  two  times  a  day  due  to  a  3-5  fold  increase  In  the 
number  of  parasites.  Efforts  to  moderate  the  growth  to  levels 
approaching  1-5  X  10^/ml,  by  additional  subculturing  or  by 
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withdrawing  and  renewing  medium,  during  a  24  hour  Interval  were 
unsuccessful.  Failure  to  stabilize  the  growth  rate  led  to  over¬ 
crowding  and  the  subsequent  formation  of  blzzare  forms  followed 
by  declining  numbers  of  parasites  5-7  days  after  the  Initial  sub- 
cultivation.  Trypanosome  populations  maintained  In  vitro  for 
1-2  weeks  were  Infective,  the  mice  showing  positive  blood  films 
by  day  4  or  5.  Older  populations  were  only  rarely  Infectious. 


Hlruml  al. ,  In  their  second  paper  (o)  Indicated  that 
relatively  low  numbers  of  parasites  in  the  initial  Inoculum  usual¬ 
ly  resulted  In  a  high  success  rate  in  subsequent  subcultures. 

Thus,  a  second  series  of  experiments  involved  placing  four  dif¬ 
ferent  densities  of  T.^.  brucel  In  L929  and  ILRAD  cell  cultures. 
Four  replicates  at  each  density  were  used  for  each  of  three  ex¬ 
periments.  The  range  of  densities  was  as  follows: 


Very  low; 
Low: 
Medium: 
High; 


0.51-1.30  X  102 

1.28- 2.56  X  103 

1.28- 1.60  X  10^ 
1.40-2.20  X  10^ 


When  required,  the  parasites  were  subcultured  to  maintain  a 
population  density  of  1-5  X  10^  tryps/ml  In  any  of  the  flasks. 
Periodically,  aliquots  of  the  suspensions  were  Injected  into 
normal  ICR  mice. 


Tables  7  and  8  show  the  results  at  various  densities  In 
ILRAD  and  L929  cells,  respectively.  All  of  the  parasites  in  the 
ILRAD  cultures  died  by  day  7.  The  only  group  that  did  reasonably 
well  for  the  first  3  days  was  that  started  with  a  very  high 
density  of  trypanosomes  (1.52  X  10^/ml) .  These  results  are  in 
complete  contrast  to  those  described  by  Hirumi  ^  al. ,  (2)  In 
that  they  were  able  to  successfully  subcultivate  and  maintain 
trypanosomes  originating  from  cultures  started  with  densities  as 
low  as  1.6  X  10^  tryps/ml. 

The  results  of  using  L929  cells  (Table  8)  were  somewhat  more 
encouraging.  Again  the  only  group  which  showed  promise  was  that 
started  with  a  high  density  (1.58  X  10^  tryps/ml).  Trypanosomes 
started  in  cultures  at  low  densities  died  by  the  7th  day.  Table 
9  shows  the  progressive  subcultivation  of  the  canine  strain  of 
T.b.  brucel  from  a  single  flask  of  L929  cells  for  the  first  10 
days.  During  this  period  14  additional  flasks  of  cells  were  re¬ 
quired  for  subculturing  the  parasites.  Once  again,  however,  it 
was  not  possible  to  stabilize  the  growth  rate  with  the  exception 
of  one  group  of  flasks  from  a  subculture  on  day  5.  In  this 
®®rles,  reducing  the  trypanosome  number  to  approximately 
1.5  X  10^/ml  on  any  one  day  would  lead  to  a  population  of 
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4  -  6  X  10^/ml  24  hours  later.  This  growth  pattern  was  success¬ 
fully  maintained  for  three  weeks  with  the  parasites  retaining  In- 
f activity  for  mice.  By  contrast,  trypanosomes  cultured  with  the 
ILRAD  cells  for  as  little  as  24  hrs  were  no  longer  infectious. 

A  fairly  wide  range  of  vertebrate  cell  lines  were  screened 
for  their  ability  to  support  the  growth  of  the  Wellcome  Isolate  of 
rhodesiense  (see  Table  6) .  The  L929  cell  line  served  as  a 
control.  Initial  populations  ranged  from  0.2  -  1.38  X  10‘  tryps/ 
ml  and  the  flasks  were  subcultured  when  the  parasite  density  ex¬ 
ceeded  2  X  lO'/ml.  Another  series  of  experiments  Involved  placing 
4  different  densities  of  the  Wellcome  isolate  of  rhodesiense 

into  L929  and  ILRAD  cells.  The  range  of  the  different  densities 
in  tryps /ml  was: 

Group  1:  1.4  -  1.6  X  10^ 

Group  2:  2.0  -  5.8  X  10^ 

Group  3;  1.9  -  7.0  X  10^ 

Group  4;  1.78  -  2.35  x  10^ 

The  flasks  were  subcultured  when  the  densities  exceeded  by 
502  the  initial  number  of  trypanosomes.  Usually  every  48  hours  an 
aliquot  was  removed  from  each  flask  and  Inoculated  Into  normal 
ICR  mice. 

The  L929  cells  supported  growth  of  the  Wellcome  Isolate  better 
than  any  other  cell  line.  The  average  life  span  of  the  parasites 
In  L929  cells  was  11  days  although  In  one  experiment  they  survived 
for  26  days.  The  average  life  span  in  the  other  cell  lines  was  as 


follows : 

Bov.  Emb.  Kid.  4  days 

Canine  peritoneum  4  " 

Primary  green  monkey  kidney  5  " 

Hela  199/lOXFBS  8  " 

Hela  199/201:fbS  6  " 

Hela  1640/20XFBS  5  " 

Hela  199/20XHS  6  " 

ILRAD  5  " 


The  results  of  placing  different  densities  of  Wellcome  tryps 
in  L929  cells  seemed  to  indicate  that  low  densities  were  better 
than  high  densities.  Generally  cultures  started  with  densities 


of  loss  than  5.8  X  10^  cryps/ml  survived  for  approximately  14  days 
and  throughout  this  Interval  were  Infective  for  mice.  Cultures 
Initiated  with  densities  greater  than  1.9  X  10^  tryps/ml  survived 
for  only  8  days. 

The  results  of  placing  different  densities  of  the  Wellcome 
Isolate  In  ILRAD  cells  were  Invariably  negative.  None  of  the 
densities  survived  for  more  than  5  days  and  there  did  not  appear 
to  be  any  differences  between  the  various  density  groups.  Further¬ 
more  the  great  majority  of  mouse  Inoculations  were  negative. 

An  Initial  experiment  comparing  the  growth  of  the  LVH  Isolate 
In  4  different  vertebrate  cell  lines  (L929,  Bov.  Emb.  Kid.,  Hela 
and  ILRAD)  was  equally  unpromising.  The  initial  number  of  trypano¬ 
somes  ranged  from  6  -  2  X  10^  tryps/ml.  In  none  of  the  flasks  did 
the  parasites  survive  for  more  than  4  days.  Since  this  particular 
Isolate  Is  a  fairly  recent  one  and  still  Infective  to  tsetse  flies, 
LVH  as  well  as  the  Wellcome  Isolate  were  Inoculated  Into  cultures 
containing  Gloss Ina  morsltans  cells.  The  starting  densities  for 
the  LVH  and  Wellcome  parasites  were  4  -  9  X  10^ /ml  and  2  -  3  X 
lO^/ml,  respectively.  Figure  1  shows  the  striking  difference  in 
the  response  of  the  trypsnosomes  to  the  tsetse  fly  cells.  Whereas 
the  Wellcome  Isolate  survived  a  maximum  of  8  days  without  any 
evidence  of  multiplication,  the  LVH  trypanosomes  multiplied  with 
ever  Increasing  rapidly  and  apparently  can  do  so  Indefinitely  as 
long  as  the  cell  layer  remains  in  healthy  condition.  The  Infec- 
tlvlty  of  the  trypanosomes  Is  variable  and  has  not,  as  yet,  been 
ascribed  to  any  one  factor  or  set  of  factors.  What  is  clear  is 
that  the  cells  per  se  make  some  contribution  as  the  parasites 
often  grow  as  well  In  medium  alone  as  in  medium  with  cells,  but 
Infectivlty  Is  lost  by  day  4  or  5  In  the  former  and  not  until  day 
7  -  16  In  the  latter. 

The  Inability  to  repeat  Hlruml's  results  with  the  aforemen¬ 
tioned  strains  of  X-  brucel  prompted  a  request  to  Dr.  B.M. 
Honlgberg,  University  of  Massachusetts,  for  the  427  strain  of 
T^.b.  brucel.  These  parasites  were  cultured  In  4  different  cell 
lines;  namely,  CCL  16,  CCL  39,  CCL  40  and  the  ILRAD  line  (see 
Table  6).  The  first  3  lines  were  suggested  by  Dr.  Hlrumi  as 
"probably  adequate"  substrates  for  the  parasites.  Cultures  were 
Inoculated  with  the  concentrations  varying  from  0.5  -  2.6  X  lO^/ml. 
Thereafter,  a  population  density  of  about  10^ /ml  was  maintained. 
Unlike  most  of  the  other  strains  worked  with,  trypanosomes  from 
the  427  strain  usually  decreased  In  number  following  Inoculation 
into  any  of  the  4  cell  lines  and  did  not  show  many  dividing  forms 
until  day  3  or  4.  Thereafter,  by  replacing  the  medium  by  one- 
quarter  or  one-third  on  a  dally  basis,  the  growth  rate  of  trypano¬ 
somes  could  be  stabilized  fairly  well  (see  Table  10  for  a  typical 


■cries).  Cultures  In  which  the  parasite  counts  exceeded  5  X  10^ /ml 
In  a  24  hour  Interval  were  usually  Impossible  to  recover.  Most 
often,  the  parasites  appeared  Incapable  of  complete  division,  with 
masses  of  up  to  10  or  12  trypanosomes  fused  along  1/3  to  1/2  their 
length.  Others  appeared  much  thicker  and  moved  much  more  slowly 
than  normal.  Although  the  trypanosomes  grew  well  In  all  of  the 
lines,  the  CCL  16  line  has  a  slower  growth  rate  and  for  that 
reason  Is  preferred  over  the  others,  l.e.,  there  Is  less  subcul- 
turlng  Involved  In  maintaining  the  trypanosomes  for  extended 
periods  of  time.  Thus  far,  the  trypanosomes  have  been  cultured  up 
to  35  days  without  loss  of  Inf activity. 

Preliminary  attempts  to  grow  the  LVH  Isolate  In  the  CCL  16 
cell  line  have  been  unsuccessful,  the  parasites  not  surviving  more 
than  4  days.  It  thus  appears  that  the  bloodstream  forms  of  the 
different  Isolates  of  T.  brucel  have  very  different  and  selective 
requirements  for  growth  outside  of  the  vertebrate  host.  The  other 
cell  lines  have  yet  to  be  tested. 

Conclusions  and  recommendations 


1.  Although  a  self-sustaining  colony  of  approximately  1,200 
female  tsetse  flies  is  now  operational,  a  totally  self-sufficient 
colony  of  2,000  females  Is  required  to  produce  some  250  surplus 
puparla  per  week  for  experiments  purposes.  This  goal  is  obtain¬ 
able  using  rabbit-fed  flies^but  labor  and  cost  saving  considera¬ 
tions  dictate  that  the  colom  be  switched  over  to  ^  vitro  feeding 
on  deflbrlnated  pig  blood  as  soo.i  as  possible.  This  will  be 
effected  as  soon  as  data  on  the  in  vitro  fed  flies  Indicates  that 
no  adverse  effects  on  colony  vigor  will  occur. 

2.  Cyclical  transmission  of  T.  rhodeslense  through  flies  Is 
occurring  at  a  predictable,  though  low.  Infection  rate.  Further 
efforts  to  Improve  infection  rates  by  manipulation  of  environmen¬ 
tal  conditions  can  be  expected  to  yield  positive  results  based  on 
experimental  work  to  date.  This  work  is  being  hampered  by  lack 

of  space  In  which  to  place  the  needed  equipment.  A  larger  tsetse- 
fly  laboratory  would  greatly  enhance  the  probability  of  success. 

In  addition  to  work  on  cyclical  passage  of  T.  rhodeslense  isolates, 
additional  work  on  cyclical  passage  of  clones  needs  to  be  pursued 
In  the  coming  year. 

3.  Immunization  and  challenge  experiments  with  fly-form 
trypanosomes  have  not  yet  produced  an  animal  Immune  from  fly  bite. 
However,  experiments  with  Berenll-cured  mice  have  resulted  in 
enhanced.  If  incomplete,  immunity,  especially  If  combined  with 

a  prior  immunization  with  fly-form  trypanosomes.  These  studies 
need  to  be  pursued  further,  primarily  by  obtaining  larger  numbers 
of  Infected  flies  for  Immunization  and  challenge. 
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4.  The  method  developed  by  Hiruml  and  his  colleagues  for 

culturing  Infectious  bloodstream  forms  of  African  trypanosomes  may 
not  apply  to  more  than  a  limited  number  of  Isolates  of  either 
■JO2*  brucel  or  rhodeslense .  Nonetheless,  the  focus  should 

be  on  the  strain  427  -  ILRAO  model  system  until  It  Is  thoroughly 
understood  and  the  cultures  can  be  "read"  far  more  accurately  than 
presently  the  case.  Once  that  Is  accomplished,  efforts  can  be 
directed  toward  culturing  other  Isolates  In  other  cell  systems. 

5.  The  fact  that  the  LVH  Isolate  can  be  maintained  In  a 
tsetse  fly  cell  line  and  not  In  any  of  the  vertebrate  cell  lines 
tested  Is  quite  Intriguing  and  should  be  further  explored.  One 
obvious  direction  la  to  compare  the  culture  media  (composition, 
pH,  osmolarlty,  etc.)  and  the  utilization  of  medium  components  by 
the  cultured  cells  with  and  without  the  trypanosomes.  Other  In¬ 
vertebrate  cell  lines  should  also  be  screened  to  determine  whether 
or  not  vector-specific  factors  are  involved. 


Effects  of  aiitloblotic*eootolKtn(  and  aatiblotic-fraa  4iata  on  foMla  fllaa  Mlatalnad  io-vltro 
on  pig  blood  aa  conparad  to  fllaa  nalntalnad  on  Haw  Zaalapd  rabblta  (NZE).  Haaauraa  Inclodad 


roatcrloi  aUtot  (MC),  aatcrlor  Bl4(at  UHC),  frovaatrleitlar  (PV)  mad  Mltvarjr  (laai  (fC)  Infactloa  rate* 


TABLE  5 

Challcng*  of  aon-lotmunlsod  or  loBunlzod  alco  with  fly  fora  crypano- 
(oaaa  (SC,  MC,  i  FV)  by  blta  of  cast  13  fly  (LVR) 


Mouse  # 

1st  InfsccloQ 

Isc  ?srsslttmis 

13- SC-1 

6  Sape 

10  Sspt 

13- sc- 2 

12  Sspt 

16  Sspt 

13-MG-l 

10  Sapt 

13  Sspt 

13-(«:-2 

- 

- 

13-PV-l 

28  Sape 

1  Oct 

13-PV-2 

- 

- 

13-FCS-l 

8  Sspt 

notts  up  to 

2  Oct 

13-FCS-2 

16  Sape 

19  Sspt 

i3-rcs-3 

2L  Sape 

27  Sspt 

1 3  C  i 


TULt  1 


Counta  of  bloodatraaa  T.  b.  bnicat  1«  lUtAO  calla  Inittacad  »tth 
varloua  danattlaa  (at  laoc) 


No.  of  Trvranoaoaiaa  (X  10*/«1) 


Ot«i*cntlnu«d 

-  'tuab«r  vif  trvf«no«otw«  iifttr  m«dlu«i  vat  chaniad 
■  Mot  countad,  no  madlun  chantad 
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TABLE  10 

Growth  of  T.  hrwcol  (otroU  *2f)  In  dlftoront  vortabrntn  eoll  llnno 


Try^noaonn./nl 

(X  10* ) 

\  CoH 
\llno 

CCt  16 

CCL  16 

CCL  40 

tUUU) 

D«y\ 

0 

O.IS 

0.13 

0.15 

0.15 

1 

0.10 

0,12 

0.15 

0.08 

2 

0.35* 

O.IS 

0.40* 

0.10 

3 

1.30 

0.75* 

1.70 

0.10* 

4 

1.90 

1.00 

2.80 

0.65 

6 

2.40 

c 

2,10 

2.10 

« 

1.60 

- 

1.20 

1.15 

ch«nM 

to  1/3  of  Mdius;  thorooftor  «t  24  hr. 

Ittt.rvnl. 

C  -  CoQtMlnattd 
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23.  CUj  T^e  objective  is  development,  production,  and  assay  of  live-attenuated  vaccines 
against  classical  strains  of  dengue  viruses.  The  major  types  (1,2,3,  and  A)  of  this 
virus  are  endemic  throughout  populated  areas  of  the  world,  and  although  mortality  rates 
are  low,  the  incapacitation  effected  by  these  viruses  and  their  associated  sequelae 
could  have  serious  Impact  on  military  time  tables  and  troop  mobility. 

24.  (U)  Selected  strains  are  vsubjected  to  multiple  passages  and  frequent  cloning  in 
tissue  culture  systems,  to  produce  pure  progeny  characterized  by  reduced  virulence  and 
adequate  antigenicity,  that  will  serve  as  candidate  vaccine  seed  virus. 

25.  (U)  77  10  -  78  09  1.  Following  approval  by  in-house  committees  and  by  the  Bureau 

of  Biologies  (FDA),  lot  1  of  a  live-attenuated  dengue-2  vaccine  was  tested  in  2 
of  human  volunteers  totaling  6  individuals.  Five  recipients  of  the  vaccine  developed 
vlremia,  however  there  was  no  indication  of  reversion  of  the  vaccine  virus  to  a  more 
virulent  form.  Two  volunteers  developed  fever  of  short  duration  and  one  volunteer  de¬ 
veloped  an  erythematous  rash.  Five  of  the  b  volunteers  seroconverted  by  various 

I  ological  tests.  The  one  volunteer  who  did  not  have  a  vlremia  and  who  did  not  stlmula 
antibodies  was  found  to  have  pre-vacclnat ion  antibodies  to  the  vaccine  virus  and  had  a 
history  of  a  previous  infection  with  dengue-4  virus.  2.  A  human  Isolate  of  dengue- 3 
virus  has  been  passaged  and  cloned  in  FRhL  cells.  One  clone,  labelled  C-5,  was  shown 
to  be  temperature-sensitive  in  cell  culture  and  was  attenuated  for  mice  and  monkeys. 
Monkeys  receiving  the  C-5  clone  stimulated  the  production  of  antibodies  and  were  pro¬ 
tected  against  challenge  with  the  parent  virus.  After  a  final  series  of  3  cloning- 
purification  steps,  a  working  (master)  seed  was  prepared  In  roller  flasks  and  tested 
for  safety.  The  C-5  clone  appears  not  to  have  changed  phenotypical ly  upon  passage  and 
will  be  used  for  the  preparation  of  a  production  seed  for  dengue-3  vaccine.  For 
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Project  3M162770A802  MILITARY  PREVENTIVE  MEDICINE 


Work  Uolt  014  Charecterletles  of  attenuated  dengue  vlruaea 
Inueetlgetors. 

Prlnelpali  Venton  R.  Harrison^  M«S. 

Aesoclatea:  Kenneth  H,  Eckels,  Ph»D«:  Peter  L.  Suaaers 

1.  Dengue-2  Vaccine  Progress. 

A.  Safety  and  lanunogenlcltv  of  DP<-2.  PR-159.  S-1  vaccine, 
lot  #1  In  adult  volunteers.  Six  volunteers  were  divided  Into 
ttro  groups  and  Inoculated  with  a  single  dose  (4.5  X  10^  PFU, 

Group  A  and  2.5  X  10^  PFU,  Group  B)  of  a  live  attenuated  dengue 
type  2  vaccine  according  to  protocol.  All  six  volunteers  were 
placed  In  protective  Isolation  for  10  days  post-vacclnatlon. 

Two  recipients  developed  fever  (oral  temp  >  100^)  after  day  10 
accompanied  by  leukopenia.  One  volunteer  developed  a  fever  to 
101.8<>F  with  headache,  myalgia  and  photophobia  which  prevented 
him  from  returning  to  work.  Another  recipient  developed  an 
erythematous  rash  of  the  chest  and  abdomen  which  lasted  from 
day  11  to  day  17  post-vacclnatlon. 

Five  recipients  developed  vlremla  8  or  9  days  post  vaccina¬ 
tion  which  lasted  from  1  to  10  days.  All  24  virus  isolations 
from  plasma  produced  the  same  small  plaques  ^  vitro  as  were 
produced  by  the  vaccine  virus.  None  of  the  Isolates  tested 
replicated  at  the  nonpermlsslve  temperature  (39.3°C)  which  is 
restrictive  for  the  vaccine  virus.  Thus,  there  was  no  evidence 
that  Infection  of  hunan  volunteers  led  to  a  reversion  to  viru¬ 
lence  as  measured  by  reliable  ^  vitro  assays.  Furthermore,  in 
contrast  to  the  findings  in  wild  type  dengue  infections,  virus 
was  not  isolated  from  the  circulating  monocytes  of  the 
vacclnees. 

The  Immune  responses  were  evaluated  by  hemagglutination 
Inhibition  (HI),  complement  flxe^ir>n  (CF)  and  plaque  reduction 
neutralisation  tests  (PRNT) .  Alj  six  vacclnees  seroconverted  by 
HI  and  five  by  CF  and  neutral Izat (on  tests.  Broadly  reactive 
HI  antibody  In  all  five  vlremlc  volunteers  were  typical  of 
secondary  responses  to  a  flavl virus  infection.  The  serum  anti¬ 
body  titer  to  dengue  type  2  was  found  to  be  highest  In  the 
volunteers  with  the  longest  Interval  since  their  yellow  fever 
Immiailsation.  The  one  volunteer  without  vlremla  was  found  to 
have  pre-existing  hEN-2  antibody  to  the  vaccine  parent  virus  but 
not  to  the  prototype  strain.  Following  Immunization,  he  had 
no  rise  in  neutralizing  antibody  and  minimal  rises  In  HI  and 
CF  antibodies. 


At  the  dosage  given,  the  DEN-2  vaccine  Infected  5  sero¬ 
negative  recipients,  but  not  the  volunteer  with  pre-existing 
ho«ologou8  neutralising  antibody.  One  of  five  susceptible 
volunteers  developed  nlld  dengue  fever;  all  five  volunteers 
developed  typical  secondary  flavlvirus  Imnune  responses. 

The  vaccine  Is  sufficiently  safe  and  Inmunogenlc  to  warrant 
future  Investigation  of  Its  dose  response  In  human  volunteers. 

For  details  of  the  vaccine  trial,  see  the  Annual  Report, 
197R,  Department  of  Virus  Diseases,  DCD&I. 

B,  Temperature-dependent  reversion  of  S-1  vaccine  virus. 

The  observation  has  been  made  that  S-1  virus  Is  less  stable  at 
temperatures  approaching  the  non-permisslve  temperature  of 
39,0°C.  Large  plaque,  revertant  virus  Is  found  more  frequently 
In  cell  cultures  held  at  35°C  and  37°C  than  those  held  at  31°C 
(Annual  Report,  1977),  Multiplicity  of  Infection  (MOI)  also 
effects  the  reversion  phenomenon;  cultures  Inoculated  with  a 
relatively  high  MOI  are  more  likely  to  contain  large  plaque 
virus  on  harvest  than  those  cultures  Inoculated  with  a  lower 
MOI  (1),  In  order  to  more  fully  substantiate  the  effect  of 
temperature  and  MOI  on  the  reversion  of  S-1  virus,  24  Individual 
cell  cultures  were  inoculated  at  two  MOI's  and  Incubated  at 
temperatures  of  31®C,  35°C,  and  37°C.  Table  1  lists  the  mean 
virus  titers  for  7  day  harvests  of  each  set  of  cultures.  At 
31®C,  cell  cultures  inoculated  with  either  a  0,7  or  0.007  MOI 


Table  1.  Effect  of  temperature  and  MOI  on  the  reversion  of 
S-1  virus. 


No,  cultures  with  revertant  virus/ 


iperature 

MOI 

total 

no.  cultures 

31®C 

0.7 

0/24 

(3.9* 

± 

0.2 

X  10^) 

0.007 

0/23 

(6.0 

+ 

0.8 

X  10^) 

35°C 

0.7 

2/24 

(1.7 

+ 

0.2 

y  10^) 

0.007 

0/23 

(1.9 

+ 

0.2 

X  10^) 

37°C 

0.7 

6/24 

(1.1 

4- 

0.1 

4 

X  10  ) 

0.007 

0/24 

(4.7 

+ 

0.9 

X  10^) 

Mean  titer  (PFU/0,2  ml)  i  standard  error  of  the  mean. 
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!!  S  I!!®”  plaque,  noii-r«vertant  viru.. 

At  th«  higher  teapere cures  of  35°C  and  37®C,  cell  cultures 
inoculacad  with  the  0.7  MOI  contained  large  plaque  virus  which 
eleo  foraed  plaques  at  39.3°C  in  plaque  assays  at  this  telJirJture. 
The  percentage  of  cultures  with  revercant,  large  plaque  virus 
increased  froaSX  at  35°C  to  25Z  at  37Uc.  In  Jontrast.  tL  cell 

>'«l«tlvely  low  (0.007)  MOI  and  incu¬ 
bated  et  35  C  and  37  C  contained  no  large  plaques  in  Che  7  day 
Iwrvests.  The  inability  to  detect  large  plaque  virus  in  these 
‘’f  •ttrlhuced  to  the  lower  yields  obtained  as  a 
result  of  Che  low  Input  inoculum.  However,  there  is  only  an 
approstoate  ^fold  difference  In  titers  of  the  harvests  from 
0.7  and  0.007  MOI  inputs  that  were  grown  at  37®C,  and  the  diff- 

account  for  failure  to  observe  revertant 
Virus  in  the  virus  harvests  from  the  low  input  cultures. 

reve^JororSlJ  observed  temperature-dependent 

WMslon  of  S-1  is  a  direct  effect  of  temperature  on  the  viral 
^lymerase,  resulting  in  a  faulty  transcript.  A  mistake  in  the 
■  auppressor  mutation  that  corrects  for  the 
■utatlon  conferring  temperature  aensltlvitv.  The  result 
ot  this  would  be  emergmnce  of  a  population  of  large  plaque,  tenp- 
erature  resistant  virus,  similar  to  that  found  in  parent  virus  ^ 

SwOCKSg 


vaccine  virus^  RNA  synthesis.  Some  ts  mutant  viruses 

thei>^  eon-permissive  temperature. 
These  are  characterized  as  RNA-  while  those  mutants  that  are 

of  synthesizing  viral-specific  RNA  to  levels  comparable 

JSe  J!Ia*  iLrTr  RNA+-  A  method  for  determining 

the  RMX  characteristics  of  measles  mutants  has  been  described  bv 

Haspel  and  Rapp,  1975  (2),  employing  a  shift  of  virus-infected 
cultures  from  non-permlssive  to  permissive  temperature  in  the 

(5-AC).  The  5-AC  is  a  mutagen  which 
inhibits  production  of  fully  functional  RNA  bv  incorporation  as 
an  anal^.  Only  previously  synthesized  RNA  would  result  in  the 

infectious  virus  after  shifting  to  permissive  temp- 
e  twe,  since  5-AC  would  inhibit  newlv-syntheslzed  RNA  from  being 

after  shift  are  compared  to  parent  virS 
titers  (assuming  the  parent  la  RNA+)  to  determine  RNAt 
characteristics. 

S.l  mITcLI  results  of  such  a  shift-down  experiment  using 

viruses.  S-1  infected  FRhL  cultures  were 
held  4  days  at  38,5  C  while  CM-6  infected  cultures  were  held  for 
the  same  period  of  time  at  39.3"c.  At  the  time  of  shift,  5-AC  was 
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added  to  the  cell  culture  maintenance  media  at  concentrations  of 
0,  10,  25,  and  50  ug/ml  and  leit  there  through  the  remainder  of 
the  experiment . 

Drug  treated  cultures  are  compared  to  cultures  receiving 
no  drug  and  virus  titers  are  listed  as  a  percent  of  the  control. 

S-1  virus  titers  from  cultures  receiving  50  pg/ml  of  5-AC  are 
reduced  to  4%  of  the  control  two  days  following  shift.  GM-6 
titers  are  slmilprly  reduced  by  this  concentration  of  drug. 

Assuming  that  we  are  measuring  the  product  (virus)  of  infectious 
RNA  formed  at  non-permissive  temperature  over  the  4  day  holding 
period  and  that  we  are  not  measuring  newly  synthesized  RNA,  then 
S-1  appears  to  be  RNA+.  Comparison  is  made  with  the  GM-6  parent 
virus  which  we  assume  to  be  RNA+. 

D.  S-1  replication  at  non-permlsslve  temperature.  Experi¬ 
ments  were  undertaken  to  examine  replication  of  the  S-1  vaccine 
virus.  The  following  points  were  studied:  (1)  ability  of 
Infected  cells  to  produce  virus  after  being  shifted  from  non- 
permlsslve  to  permissive  temperature  will  give  information  on 
initiation  of  Infection  (early  stages  of  infection  not  counting 
adsorption),  persistence  at  the  non-permissive  temperature,  and 
spread  of  infection;  (2)  antigen  production  at  the  non-permlsslve 
temperatures  antigen  production  without  infectious  virus  pro¬ 
duction  would  Indicate  a  block  in  a  late  stage  of  maturation  of 
S-1  or  in  the  release  of  this  virus;  (3)  cell  bound  virus  at 
non-permissive  temperature;  concentration  of  Intracellular 
Infectious  virus  would  indicate  some  impairment  of  release  of 
the  S-1  virus. 

Infectious  center  assays  were  used  to  study  adsorption  of 
virus,  viral  persistence,  and  spread  of  infection.  S-1  and  GM-6 
virus  replication  was  compared  by  infecting  FRhL  cells  and  at 
Intervals  post  inoculation,  cell  cultures  were  trypslnized  and 
aliquots  of  cells  plaqued  in  LLC-MK2  plaquing  flasks.  Infected 
FRhL  flasks  were  held  at  either  35^C  or  38.5”C  for  the  appropriate 
intervals  and  plaque  assays  were  done  at  35°C.  Table  3  lists 
the  results  of  such  an  experiment  where  each  data  point  repre¬ 
sents  the  number  of  infectious  centers,  l.e.  the  number  of  Infected 
cells  that  gave  rise  to  plaques  upon  assay  in  the  permissive 
LLC-MK2  plaque  assay.  At  35”C,  GM-6  Infected  nearly  100%  of 
available  cells  after  3  days  while  S-1  at  the  same  temperature  was 
capable  of  infecting  approximately  3%  of  the  cells  over  the  3  day 
period.  This  lag  observed  for  S-1  appears  to  begin  immediately 
upon  infection  and  is  reflected  in  the  virus  titers  for  days  1 
and  2  also.  The  0  time  point  represents  samples  plated  immediately 
following  adsorption  prior  to  any  temperature  shift  and  the 


Infectious  center  assays  for  S-1  and  GM-6  viruses 
Incubated  at  35°C  and  38.5°C. 


Virus  Temperature  Da; 

S-1  35°C  0 

1 

2 

3 

38.5°C  1 

2 
3 

GM-6  35°C  0 

1 

2 

3 

38.5°C  1 

2 
3 


Infectious  centers/10^  cells 

<  0.3  X  10^ 

0.9  X  10^ 

2.1  X  10^ 

3.8  X  10^ 

0.3  X  10^ 

<  0.8  X  10^ 

<  1.3  X  10^ 

7.3  X  10^ 

4.1  X  10^ 

1.6  X  10^ 

8.0  X  10^ 

2.2  X  10^ 

4.8  X  10^ 

2.1  X  10^ 


difference  observed  between  the  Infectious  center  titers  for  S-1 
and  GM-6  at  this  point  may  be  indicating  impaired  adsorption  of 
S-1  at  35°C.  All  adsorptions  were  done  at  35°C  which  was  thought 
to  be  permissive.  The  MOI  for  S-1  and  GM-  was  0.3  and  0.09, 
respectively.  The  low  number  of  cells  Infected  with  S-1  virus 
is  reflected  in  the  inability  to  detect  Infected  cells  following 
adsorption.  The  impaired  adsorption  or  penetration  is  also 
sensitive  to  temperature  since  no  infectious  centers  were 
observed  for  3  days  in  S-1  Infected  cultures  held  at  38.5°C. 

After  4  days  (data  not  shown)  infectious  centers  were  seen  in 
S-1  plated  cells  that  had  been  Incubated  at  38.5°C.  At  this 
time,  leaky  virus  was  also  seen  in  supernatant  fluid  culture 
samples, also. 


Some  ts  mutants  produce  viral  antigen  at  the  non-permlsslve 
te]iq>erature  without  production  of  Infectious  virus.  This  usually 
Indicates  that  viral  proteins  are  translated  and  a  late  block  In 
replication  is  preventing  maturation  of  Infectious  virus.  S-1 
virus  was  coiiq>ared  to  GM-6  virus  for  the  capacity  to  make  viral 
antigen  at  the  non-permlsslve  temperature  of  38.5°C.  Table  4 
lists  the  results  of  a  fluorescent  antibody  (FA)  assay  of  viral 


Detection  of  viral  antigen  by  Indirect  fluorescent 
antibody  assay  of  S-1  and  GM-6  Infected  cells. 


FA  focl/well 


PFU/ml 


antigen  for  three  consecutive  days  following  infection.  FA  foci 
as  well  as  Infectious  virus  in  the  supernatant  fluids  were 
assayed  from  cell  cultures  held  at  35°C  and  38.5°C.  FA  foci  were 
seen  for  S-1  at  38.5°C  with  a  large  reduction  In  Infectious 
virus  (day  2).  Cells  containing  viral  antigen  in  the  form  of 
fluorescent  foci  were  present  for  the  S-1  virus  Infected  cells  at 
38.5°C  In  greater  numbers  than  GM-6  infected  cells  at  the  same 
temperature.  Infectious  virus  titers  for  GM-6  were  at  least  100 
fold  higher  than  S-1  at  this  temperature. 


BxparlMiiCa  of  thif*  type  Indicate  Chat  the  S>1  vlrua  ie 
capable  of  tcanalatlng  aoae,  If  not  all,  of  Ita  coded  atructural 
and  noo-atructural  protelna.  The  obaenred  CaaperaCure  aenaltivlty 
of  thla  vlrua,  i.a.  reduced  virue  tltera  at  non-patalaalve  caap- 
erature,  appeara  to  reault  froa  blockage  of  a  lata  viral  function, 
poaalbly  during  aaturation  or  releaae  of  infactioua  virlona* 

Releaae  of  vima  can  be  atudiad  by  aaaaying  intracellular 
virua  and  coaparing  tltera  to  vlrua  already  ralaaaed  into  the 
aupernatant  fluid  culture  aediua.  S-1  and  CN-6  infected  calla 
held  for  3  daya  at  both  35*^0  and  38.S°C  were  aaahed  free  of  auper¬ 
natant  fluid  virua  and  freeae-thawed  3  tiaea  to  releaae  intra¬ 
cellular  virua.  Virua  reaultlng  froa  the  freeae-thav  %raa 
titrated  along  with  aupernatant  fluid  virua  raaoved  froa  the  aame 
cell  culture.  Table  S  liata  the  ratioa  of  cell-boimd  to  ralaaaed 
S-1  and  GN-6  viruaea.  The  ratio  for  S-1  at  38.S°C  la  alightly 
higher  than  the  ratio  calculated  for  the  35°C  held  culture.  In 
contraat  to  thia,  the  ratio  for  GM-6  at  38.S°C  la  approximately 
7-fold  higher  than  the  3S°C  ratio.  Thermal  inactivation  of 
aupernatant  fluid  virua  at  38.5°C  may  account  for  the  higher 
ratio  for  CM-6,  ho%ievar  both  S-1  and  CH-6  viruaea  appear  to  have 
aimilar  thermolabilitiea.  S-1  vlrua  by  thia  type  of  aaaay  la 
being  releaaed  from  the  infected  cell  at  leant  aa  efficiently 
ae  GM-6  virua  at  38.S°C  and  by  all  indlcationa,  the  (M-6  virua 
releaae  ie  being  inhibited  by  the  non-permiaaive  temperature. 
Therefore,  releaae  of  S-1  virua  appeara  not  to  be  affected  by 
the  temperature  aenaltlve  event. 

Table  S.  Ratioa  of  call-bound  to  releaaed  S-1  and  GM-6  at 
permleaive  and  non-permlaalve  temperaturea. 


S-1  9  35°C,  day  3 
38.5°C,  •' 

GM-6  8  35°C,  day  3 
38.5°C,  ’• 


Intracellular  PFU/aup  fid  PFII 

2.5  V  10^/1. 2  X  10^  -  0,21 
6.0  X  10^/1. 6  V  10^  -  0.37 

5.1  X  10^/2, 7  X  10^  -  0.19 

3.2  V  10^/2. 4  X  10^  -  1.3 


I'lO.t 


o 

E*  Pa>aag«  of  S-1  vcclne  vlrua  at  31  C«  S-1  vaccine, 
lot  #1  produced  clinical  symptoms  in  human  volunteer ■  without 
indleetione  that  the  vlrua  reverted  during  replication  In  gha 
volunteer*  A  aerlea  of  ten  paaaagea  of  S-1  waa  done  at  31  C 
to  lover  the  non-pemlaa Ive  temperature  of  thia  vlrua.  A  lower 
non-permlaalve  toaperature  may  inhibit  replication  of  the  vlrua 
raaultlng  In  a  more  limited  Infection  and  fewer  clinical 
aymptoma  In  human  reclplenta. 

o 

Paaaagea  of  S-1  were  done  at  regular  7  day  Intervale  at  31  C 
and  harvaata  from  aach  paaaage  titrated  In  plaque  aaoaya  done  at 
35®C  and  38.5°C.  EOP  valuea  (38.5®C  PPU/35**C  PFU)  were  calculated 
for  each  titration.  In  aumary  (data  11a  can  be  found  In  Annual 
Report,  1978,  Department  of  Biologlea  Reaearch),  paaaage  10 
ahowed  a  algnlf Icantly  higher  EOP  value  than  did  previoua  paaaagea 
of  the  S-1  vlrua  Inoculum.  There  trare  alao  Indlcatlona  of  the 
emergence  of  a  larger  plaque-aite  population  by  the  10th  paaaage. 
Theae  large  plaquea  did  not  resemble  thoae  aeen  in  tltratlona  of 
the  parent  GM-6  vlrua.  Suckling  mouse  IC  LDcq  tltera  will  also  be 
coapared  for  ^  vivo  correlates  of  the  observed  increased 
temperature  resistance  of  this  virus. 

II.  Dangue-3  Vaccine  Progress. 

A.  Purification  and  homogeneity  of  the  C-5  clone.  Using 
FRhL  passage  10  of  the  C-^  clone,  a  aeries  of  three  terminal 
dilution  platings  of  the  virus  were  initiated  to  Insure  the 
homogeneity  of  this  clone.  The  r-5  clone  was  originally  Isolated 
at  the  passage  7  level  bv  a  terminal  dilution  plating  of  parent 
(CH53489)  virus.  For  terminal  dilution  plating,  the  C-5  virus  was 
diluted  so  that  a  small  number  of  wells  of  a  24-well  Llnbro  cell 
culture  plate,  containing  FghL  cells,  were  Infected.  Supernatant 
fluid  from  each  well  was  assayed  bv  plaqulng  In  LLC-wRt  cells  and 
a  positive  well  with  small  plaoue  virus  was  used  to  Inttlate  the 
next  plating  passage.  Table  h  lists  the  results  of  Che  three 
consecutive  termlmaL  dilution  passages.  At  the  FRhL-13a  passage 
(third  of  three),  cover  slips  were  added  to  the  bottom  of  the 
Llnbro  plate  wells  so  that  fluorescent  antibody  (FA)  antigen 
testing  could  be  done.  As  seen  In  Che  results,  Che  number  of 
FA  positive  wells  waa  2/3  that  of  the  number  of  wlls  containing 
Infectious  virus.  Most  of  the  FA  positive  wells  contained  single 
foci  of  fluorescing  cells  Indicating  good  distribution  of 
Inoculum  and  a  high  chance  of  cloning  a  single  population  of 
virus. 

B.  Passage  and  characterization  of  C-5  subllnes.  Seven 
wells  containing  virus  from  the  F»hL-13a  passage  (from  plates 
receiving  6  and  2  PFU/wll  Input)  were  usfd  to  establish  subllnes 


I  ■)  0 ; 


Table  6.  Tenlnal  dilution  platings  of  the  C-5  clone. 


of  tho  C-S  clOM*  To  aake  a  final  dateralnatlon  on  the  hono- 
ganalty  of  the  C*5  clone  virus,  seed  pools  of  the  sublines 
were  prepared  at  the  TRhL~14a  and  FRhL-lSa  passage  leveis. 

In  order  to  obtain  a  high  enough  NOI  for  nroduetlve  infection, 
inoculation  had  to  be  done  first  in  25  cu^  flasks,  then  in 
150  ca^  flanks  at  the  14a  and  15a  passages  respectively. 

For  characterisation  of  the  sublines,  newborn  nice  were 
inoeuleted  with  each  of  the  sublines  (FRhL-14a).  Following 
inoculation,  2  nice  frou  the  pool  that  received  each  subllne 
were  sacrificed  dally  for  recovery  of  virus  froa  the  brain. 

Table  7  lists  the  growth  curves  for  each  subline  in  aouee 
brain.  Coapared  to  the  FRhL-6  parent  which  was  slso  used  for 
aouse  inoculation,  the  C-5  sublines  grew  very  poorly  in  aouse 
brain.  All  plaques  froa  assays  of  the  C-5  inoculated  brain 
hoaogenates  were  saall,  while  those  froa  the  FRhL-6  parent- 
inoculated  alee  were  typically  aised. 

Sublines  1,  4,  and  5  were  chosen  for  passage  in  FRhL  cells 
at  35°C  and  36.5**C  to  evaluate  their  genetic  stability.  The 
35°C  teaperature  is  fully  peraissive  while  36.5*^C  is  partially 
non-peralsslve.  From  previous  growth  curves  it  was  found  that 
C-5  replication  was  completely  shut  off  at  38.5°C.  Table  8  lists 
the  14  day  supernatant  fluid  virus  titers  for  each  subline  at  the 
two  tasperatures.  The  results  include  passage  16b  and  17b; 
paasage  18b  and  another  repeat  of  passage  18  (18c)  did  not  yield 
virus  either  at  35°C  or  36.5°C.  For  the  2  passages  from  which 
we  could  harvest  virus,  there  appeared  to  be  no  change  in  the  3 
aubllnes,  i.e.  no  emergence  In  the  harvests  of  large  plaque, 
temperature  re8lst.«nt  virus.  The  36.5‘^C  temperature  was  Included 
because  it  was  previously  found  with  the  DEN-2,  S-1  virus  that 
a  low  non-permisslve  temperature  Induced  reversion  of  this  virus. 
C-5  subllnas  1  and  5  grew  to  a  low  titer  at  this  temperature  and 
did  not  show  evidence  of  reversion.  Only  subline  5  could  be 
passaged  a  second  time  at  this  temperature  and  the  14  day  harvest 
still  contained  small  plaque  virus.  The  C-5  vaccine  will  be 
prepared  at  the  17th  passage  level  using  stibline  4.  It  appears 
thst  subllne  4  will  be  stable  through  this  passage  level. 

A  growth  curve  of  the  C-5  subllne  4  «ras  done  so  that  it  could 
be  compared  to  previous  growth  curves  perforsied  with  this  c^ne. 
Table  9  lists  the  results  of  a  growth  curve  done  at  35*’C,  37°C, 
and  38.5°C  using  FRhL-lba  passage  virus  as  the  inoculue.  As  In 
the  past,  growth  at  37^C  was  minimal  and  growth  at  38.5^C  was  shut 
off.  Plaque  morphology  of  each  harvest  sample  from  the  35°C  and 
37^C  growth  curves  was  small;  there  was  no  evidence  of  reversion 
or  ganetlc  change. 


Table  7.  Growth  curves  of  C-5  sublines  #l-#7  and  FRhL-6  (parent)  viruses  In  suckling 
■ouse  brain. 


Tabl*  8.  of  C-S  aublinoa  1,  4,  and  5  «t  1S°C  and 

in  FRhL  calls. 


C-5 

subllna 

Pasaag«»  Tamp. 

— 

■  — 

*  P1^70.2  ml 
1^’c 

m.T'c” 

Sub 

-  1 

Ihb. 

1.3 

X 

lO^(aiMill) 

0 

36.5‘'C 

2.1 

X 

lO^(aaMill) 

0 

-  4 

Ibb,  35‘’C 

2.4 

X 

lO^(aiMll) 

0 

3b.5‘V 

0 

0 

-5 

I6h,  35‘‘'c 

l.l 

X 

10.^(amall) 

0 

d^.lS^C 

2.0 

X 

10‘(amall) 

0 

Sub 

-  1 

17b.  35‘'C 

!.'» 

X 

10^(.<imall) 

0 

36. 5*^0 

0 

0 

-  4 

I7b,  35‘'C 

1.0 

X 

lO^(aRMll) 

0 

36.5‘V 

0 

-  5 

17b.  3S‘V 

1.2 

X 

lO^amall) 

0 

36.S‘V. 

(anull) 

0 

Table  9. 


u  o 

Growth  curve*  of  the  C-3  «ii>llne  4  «t  35  C,  37  C. 
end  38.5^C. 


■ 

miTb.i 

‘ia  ■■ 

35'^‘C 

37”C 

lO^c 

Day  1 

0 

0 

0 

2 

0 

0 

0 

3 

0 

0 

0 

4 

1 

4 

0 

5 

2.0  X  lo' 

1.0  X 

10* 

0 

6 

8.0  X  10^ 

1.0  X 

10* 

0 

7 

1.3  X  10^ 

1.7  X 

10* 

0 

8 

3.0  X  10^ 

4.2  X 

10* 

0 

9 

1.0  X  10^ 

4.8  X 

10* 

0 

10 

5.0  X  10* 
titrations  done  /^t 

1.1  X 

10* 

0 

Efficiency  of  plating  (EOP)  ha*  been  u*ed  a*  a  meaaure  of 
teaperature  sensitivity  for  both  PKN-2  and  DKN-3  clone*.  Plaqm' 
titer  at  non-per«i*8lve  temperature  1*  divided  by  the  plaqiie 
titer  at  permlaalve  temperature  and  the  ratio  is  the  EOP.  Table 
10  Hat*  the  EOPs  for  several  different  C-5  passage  seeds  calcu¬ 
lated  for  plaque  formation  at  37*^0,  38.5*^C,  and  39.3®C.  The 
parent,  FRhL-6  virus  EOP,  Is  also  Included  as  a  point  of  compari¬ 
son.  A*  can  be  seen  from  the  table,  there  was  no  significant 
Increase  In  the  EOP  at  37'’c  or  38.5^C  for  C-5  as  It  was  passed 
f>  consecutive  times.  An  Increased  EOP  at  the  Ibth  passage 
would  Indicate  increased  temperature  resistance  and  gn^th 
characteristics  similar  to  the  parent  virus. 


Table  10.  Coaparatlva  plaqulog  of  C-5  clone  vlrua  at  35°C,  37®C,  38.5°C,  and  39.3®C. 


C.  Pr«pT«tlon  of  ■  —st«r  (working)  ■•<d  for  C-5.  SubllM 
4  of  th*  C-S  clone  va«  choson  ^or  furchor  p«sMg«  and  preparation 
of  •  aesCer  seed.  No  aignlf leant  difference  waa  aeen  for  any  of 
the  aublinaa  In  the  teata  Juat  deacrlbed.  Subllne  4  grew  to 
allghtly  hlghar  titer  than  the  other  aubllnea  at  3S‘’c  during 
paaaage  IS  In  the  FRhL  cella  and  dtd  not  grow  at  36.5^C  In  the 
genetic  atablllty  teat.  However,  we  felt  confident  Chat  any 

one  of  Che  aeven  aubllnea  could  be  uaed  for  further  paaaage. 

Roller  flaaka  (490  cn  )  containing  FRhL  cell  monolayere  were 
Inoculated  with  undlluCe  aeed  made  at  the  15th  paaaage.  Flaaka 
were  re-fed  twice  a  week  and  harvesCa  were  done  on  daya  14  and  21 
poat  Inoculation,  raapectlvely.  By  day  18,  focal  paCchea  of  CPE 
were  obaerved  In  the  Inoculated  flaaka  Indicating  growth  bf  the 
C-5  vlrua.  For  each  harveat,  flaaka  were  aaaayed  Individually  for 
vlrua  titera  and  plaque  morphology.  Virua  harveata  were  kept  at 
4**C  after  mixing  with  an  equal  volume  of  fetal  bovine  serum  for 
aCability.  The  21  day  harveat  waa  freeze-dried;  Che  14  day 
harveat  appeared  to  be  not  aa  stable  after  the  4°C  holding  period 
and  freezing  at  -70°C.  Table  11  lists  the  mean  titers  over  35 
days  for  Che  3  flasks  Infected  with  the  C-S  clone  for  the  master 
seed  preparation.  Flasks  were  re-fed  and  sampled  past  the  21  dav 
harveat  to  observe  for  evidence  of  reversion.  No  clear  evidence 
of  reversion  waa  found.  In  some  plaque  assays  occasional  large 
plaquas  ware  seen,  however  this  usually  could  not  be  repeated  in 
additional  plaque  assays.  Plaques  at  39.3°C  were  not  found  in 
harvests  through  day  35. 

The  master  seed  was  tested  for  bacteriological  and  mycoplasma 
contamination  as  well  as  for  viral  adventitious  agents.  Day  35 
control  flasks  were  tested  for  hemadsorblng  agents  using  guinea 
pig  red  blood  cells.  Animal  testing  included  suckling  and  adult 
mica,  rabbits,  and  guinea  pigs.  None  of  the  safety  tests  revealed 
the  presence  of  either  contamination  or  adventitious  agents. 

D.  Monkey  experiments  using  the  C-5  clone.  It  was  previously 
shown  that  Che  C-S  clone  inoculated  into  rhesus  monkeys  did  not 
produce  a  viremia,  stimulated  neutralizing  CF  and  HI  antibodies, 
and  protected  against  challenge  with  the  parent  virus  (Annual 
Report,  1977).  Further  experiments  were  done  with  rhesus  and 
cynomolgus  monkeys  inoculated  with  the  C-5,  subllne  4  (F9hL-13a) 
and  parent  (FRhL-6)  viruses.  As  shown  in  Table  12,  after  2  rhesus 
monkeys  were  inoculated  with  the  C-5  clone,  only  one  had  a  one  day 
viremia  while  neither  cvnomolgus  monkey,  similarly  inoculated, 
produced  viremia.  Both  cynomolgus  monkeys  that  received  the 
parent  virus  produced  viremia  of  one  and  two  day  duration. 

Vlremlas  were  assayed  bv  direct  plaque  assay  and  also  by  a  delayed 


Table  11. 


Replicacion  of  C-5  subline  A  virus  during  the  master 
seed  passage. 


Sample,  day 

PFU/0.2  ml 

~35'^'C 

39 . 3^C 

4 

<  10 

ND 

7 

4.r,  X  10^ 

ND 

11 

1.1  X  10^ 

ND 

14 

2.1  X  10^ 

ND 

18 

1.1  X  10^ 

0 

21 

4.2  X  10^ 

ND 

28 

1.3  X  10^ 

0 

31 

2.3  X  10^ 

ND 

35 

1.1  X  10^ 

0 

plaque  assay.  Direct  assay  consisted  of  plating  undilute  serum 
and  overlaying  directly.  The  delayed  assay  consisted  of  inocu¬ 
lating  monolayers  of  LLC-MK2  cells,  incubating  at  35°C  for  2 
weeks  and  plaqulng  the  supernatant  culture  fluids  from  these 
flasks.  As  can  be  seen  from  Table  12,  one  day  of  viremla  for 
monkey  528  was  detected  by  the  delayed  technique  but  not  by  the 
direct  assay.  Further  reliability  of  detecting  vlremia  was  seen 
using  the  delayed  technique  in  assaying  frozen  serum  from 
previously  inoculated  monkeys.  Frozen  (approximately  2  years 
at  -  70°C)  serum  specimens  for  monkey  331  were  assayed  by  delayed 
technique  and  virus  found  in  specimens  for  2  days.  Previous 
assay  by  a  direct  technique  did  not  detect  this  virus.  Also 
included  in  Table  12  are  data  from  2  monkeys,  339  and  368,  which 
were  inoculated  with  the  parent  DEN-3  virus.  Delayed  assay 
detected  virus  in  3/10  serum  samples  for  each  monkey.  The  day 
of  viremla  found  for  the  delayed  versus  the  direct  assays  did 
not  completely  coincide. 
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Table  12.  Rhesus  and  cynomolgus  monkeys  Inoculated  with  the  C-5  clone  and  parent  DEIi-3 
viruses . 
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DEM-3  virus  titers  in  viremic  monkey  sera  usually  do  not 
exceed  1  log  when  plaqued  directly.  In  many  cases,  single  or 
very  few  plaques  are  counted  in  daily  serum  specimens.  The 
delayed  plaque  technique,  although  taking  3  times  the  amount  of 
time  to  complete,  appears  to  be  more  sensitive  and  detects  virus 
where  it  is  not  detected  by  direct  assay.  This  technique  Is 
especially  useful  when  monkeys  are  Inoculated  with  attenuated 
viruses  where  low  levels  of  vlremla  are  expected. 

The  virulence  of  the  C-5  clone  appears  not  to  have  changed 
upon  passage  In  FRhL  cells.  Monkeys  331  and  332  received  C-5 
virus  at  the  8th  passage  level  and  monkeys  526,  528,  6608,  and 
6680  were  Inoculated  with  passage  15  virus.  These  results  are 
In  full  agreement  with  suckling  mouse  and  cell  culture  growth 
curve  data.  Table  13  lists  the  antibody  responses  of  these 
monkeys.  All  monkeys  were  Infected  and  stimulated  production 
of  CF,  HI,  and  neutralizing  antibodies.  Antibody  titers  are 
comparable  to  those  titers  found  in  monkeys  receiving  the  DEN-3 
parent  virus. 

Table  13.  Antibody  responses  of  monkeys  Inoculated  with  the  C-5 
clone  and  parent  DEN-3  viruses. 


Monkey  no. 

Reciprocal  antibody  titer  on  day 

TT" 

CF 

30 

45 

TT' 

HI 

30 

45 

Neut 

45 

526 

32 

128 

32 

80 

160 

320 

410 

528 

64 

64 

32 

160 

320 

160 

800 

6608 

32 

64 

16 

320 

160 

80 

820 

6680 

16 

32 

4 

80 

40 

20 

190 

6322 

32 

64 

16 

160 

160 

160 

960 

6593 

256 

128 

64 

640 

320 

320 

790 

E.  C-5  antigen  production  in  mouse  brain.  Crude  suckling 
mouse  brain  preparations  contain  non-specific  substances  which 
fix  complement.  Supernatants  from  twenty  per  cent  mouse  brain 
homogenates,  centrifuged  at  2,000  rpm  for  20  min  were  used  to 
compare  CF  antigen  production  In  mice  inoculated  Intracerebrally 
with  C-5  and  parent  DEN-3  viruses.  It  was  found  that  mock- 
inoculated  mouse  brain  homogenates  fixed  complement  along  with 


the  virus- inoculated  homogenates  in  CF  tests.  The  non-specific 
factors  could  be  removed  by  final  centrifugation  at  10,000  rpm 
for  1  hr.  The  supernatant  fluid  fractions  were  assayed  for  CF 
antigen  with  DEN-3  mouse  hyperimmune  ascitic  fluid  or  monkey 
antisera  raised  against  a  single  Inoculation  with  the  DEN-3 
parent  virus.  The  CF  and  PFU  titers  are  listed  In  Table  14  for 
each  day  following  Inoculation  ilth  the  C-5  and  parent  viruses. 

CF  antigen  is  found  early  (days  1  and  2)  for  both  C-S  and 
parent-inoculated  mice  when  tests  are  run  using  the  monkey  anti¬ 
sera.  CF  antigen  Is  also  found  later  In  mice  receiving  both 
viruses  when  onuae  ascitic  fluid  Is  used  as  a  reagent  In  the  CF 
test.  CF  antigen  found  on  days  6,  7,  and  8  In  mice  Inoculated 
with  the  parent  virus  appears  to  coincide  with  Infectious  virus 
also  found  at  approximately  the  same  time.  However,  the  CF 
antigen  found  on  day  5  post  Inoculation  with  the  C-5  clone  does 
not  coincide  with  Infectious  virus  recovered  from  the  same  mouse 
brain  sample.  Further  characterization  of  the  antigens  found  In 
these  preparations  Is  necessary  to  understand  the  observed  results 
of  these  experiments. 
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Table  14.  Complement-fixing  antigen  and  Infectious  virus  from  mouse  brain  preparations 
of  mice  Inoculated  with  tbe  C-5  clone  and  parent  DEII-3  viruses. 
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23.  (U)  To  find  new  drugs  with  chemoprophylact Ic  or  chemotherapeutic  activity 

against  Schistosoma  mansonl,  which  can  be  used  by  military  personnel  to  prevent  or 
treat  the  disease  In  endemic  areas. 


24.  (U)  Compounds  previously  showit  to  be  active  In  screening  tests  will  be  re¬ 

examined  to  determine  their  optimum  prophylactic  and/or  therapeutic  treatment  regimens 
In  the  mouse  and/or  subhuman  primate  models.  Prophylactic  agents  for  either  topical 
application  or  systemic  administration  are  being  developed.  Available  chemical 
analogues  will  be  tested  and  efforts  will  be  made  to  determine  the  relationships 
between  chemical  structures,  modes  of  ant iparaslt ic  action  and  modes  of  toxicity. 
Analogues  with  Increased  therapeutic  efficacy  and  decreased  luist  toxicity  will  be 
Identified,  and  where  justified,  submitted  for  precllnlcal  studies. 


25.  (lO  77  10  -  78  09.  During  this  Interval  chemicals  were  screened  topically  and/or 
systemlcally  In  the  IGR  mouse  model.  Three  compounds  screened  topically  In  the  primary 
prophylactic  test  prolonged  survival  of  mice  exposed  to  3,000  cercarlae.  Thirty-six 
compounds  screened  svstemlcally  failed  to  provide  prophylaxis  In  this  test  system.  Of 
the  flfty-aeven  compounds  screened  toplcallv  In  the  secondary  prophylactic  test,  five 
decreased  worm  burdens  only  If  the  treated  skin  remained  unwashed  and  twenty-one  pro¬ 
vided  prophylaxis  even  following  water  washes  of  one  or  more  hours.  The  three  com¬ 
pounds  screened  systemlcally  In  the  primary  curative  test  reduced  worm  burdens  below 
control  levels.  For  Technical  Reoort  see  Walter  Reed  Army  Institute  of  Research 
Annual  Report,  1  Oct  77-30  Sep  78. 
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1.  Description 

Schistosomiasis  Is  a  debilitating  parasitic  disease  cur¬ 
rently  afflicting  an  estimated  250  million  people  world-wide. 
During  World  War  II  1500  U.S.  Army  personnel  became  Infected 
during  operations  In  the  Philippines.  Had  the  Viet  Nam 
police  action  Involved  additional  operations  In  parts  of 
Laos  and  Cambodia,  U.S.  forces  may  have  been  Infected  with 
one  of  the  species  of  parasitic  worms  causing  this  disease. 
Should  our  forces  In  the  future  be  committed  to  areas  of 
South  America,  the  Carrlbean,  Africa,  the  Middle  East,  or 
various  parts  of  the  Far  East  where  this  disease  Is  en¬ 
demic,  they  may  be  exposed  to  Infection  with  one  or  more  of 
the  four  major  human  schistosomes. 

Currently  available  therapeutic  drugs  provide  only 
partial  cures  and  treatment  is  always  associated  with  the 
risk  of  severe  side  effects.  In  addition,  no  safe  but 
effective  prophylactic  drugs  or  vaccines  are  currently 
available  for  use  by  American  military  personnel.  For  these 
reasons,  research  Is  being  conducted  at  WRAIR  to  discover 
and  evaluate  new  prophylactic  and  curative  drugs. 

2.  Progress 

A.  Prophylactic  Drug  Screen 

In  searching  for  prophylactic  drugs,  this  labora¬ 
tory  has  been  examining  the  ability  of  drugs  applied  topi¬ 
cally  and/or  systemlcally  to  prevent  Infection.  In  the 
topical  test,  compounds  are  dissolved  in  methanol,  ethanol, 
or  dimethyl  sulfoxide  at  5X  or  lower  drug  concentrations. 

The  tails  of  conscious,  restrained  mice  are  immersed  into 
4  to  4.5  ml  aliquots  of  this  drug  solution  for  a  period  of 
five  minutes.  The  tails  are  subsequently  alr-drled.  The 
tails  of  some  mice  are  then  washed  In  running  tap  water 


for  approximately  thirty  minutes  at  some  time  prior  to  cer- 
carlal  exposure,  and  again  alr-drled.  Twenty-four  hours 
after  the  drug  application,  the  mice  are  Individually  ex¬ 
posed  by  tall  Immersion  to  approximately  100  Schistosoma 
maneonl  cercarlae  (WRAIR  Puerto  Rican  strain)  dispersed  In 
4  ml  of  dechlorlnated  tap  water.  Forty-nine  days  later  the 
mice  are  sacrificed  by  sodium  pentobarbital  Injection,  their 
worms  recovered  by  perfusion  of  the  portal  circulation,  and 
the  worms  counted.  The  mean  worm  burden  from  each  drug 
treated  test  group  Is  then  compared  to  the  mean  worm  bur¬ 
den  of  the  control  group  treated  with  the  drug  solvent  solu¬ 
tion.  Compounds  are  considered  active  If  unpenetrated  cer- 
carlal  bodies  are  found  In  the  Immersion  suspension  tube 
and/or  If  most  worm  burdens  arc  reduced  by  at  least  fifty 
percent.  Table  1  presents  the  number  of  compounds  of 
various  chemical  classes  tested  topically  and  the  number  of 
active  members.  As  can  be  seen  from  this  table,  a  total  of 
slxtv-slx  compounds  were  tested  during  this  fiscal  year. 
Thlrtv-three  compounds  were  active  when  applied  one  day 
prior  to  cercarlal  exposure.  Of  these,  twenty-three  com¬ 
pounds  were  not  removed  by  the  water  wash.  The  4-amlno- 
qulnollne.  8-amlnoqulnollne.  and  blphenvl  derivative  classes 
contained  the  most  active  compounds.  Of  the  latter  class. 
bls(3.1>.6-trlchloro-2-hydroxyohenyl)  methane  (WR  22537), 
bis(5-chloro-2-hydroxvphenyl)  methane  (WR  3924),  bls(3.5- 
dlchloro-2-hydroxvphenyl)  sulfide  (WR  17018),  4-nltro,4'- 
Isothlocyanate-dlphenylamlne  (WR  234927),  and  4'-lsothlo- 
cyanate-dlbenzyl  ether  (WR  234928)  appeared  to  be  the  most 
active  compounds.  Data  Indicating  the  protection  afforded 
by  prior  treatment  with  various  concentrations  of  these  com¬ 
pounds  are  presented  in  Table  2.  These  values  arc  for  mice 
subjected  to  the  water  bath  wash  subsequent  to  drug  treat¬ 
ment  and  before  cercarlal  exposure. 

In  the  evaluation  of  drugs  for  prophylactic  activities 
following  systemic  administration,  two  kinds  of  tests  are 
conducted.  In  the  primary  systemic  prophylactic  test, 
drugs  are  dissolved  or  suspended  in  a  saline  solution  con¬ 
taining  0.2%  (v/v)  metliyl  cellulose  plus  0.4%  (v/v)  Tween 
80,  or  In  a  20%  (v/v)  aqueous  Cremophor  EL  vehicle.  They 
are  administered  to  the  mice  by  subcutaneous  Injection  one 
day  prior  to  their  exposure  to  3,000  cercarlae.  The  effec¬ 
tiveness  of  the  drug  treatments  are  evaluated  In  terms  of 
Increases  In  survival  times  of  the  treated  versus  untreated 
mice.  If  mice  from  any  group  survive  to  day  forty-nine 
post  infection,  they  are  necropsied,  their  worms  recovered 
by  venous  perfusion,  and  the  worms  counted.  Nlrldazole 


Is- used  as  a  positive  control  drug  of  known  high  prophylactic 
activity.  Drug  treatment  Is  similar  In  the  secondary  pro¬ 
phylactic  test.  In  the  secondary  test,  however,  mice  are 
exposed  to  100  cercarlae.  Their  worms  are  then  recovered 
by  venous  perfusion  on  day  forty-nine  post-infection.  Worm 
burdens  of  drug  treated  and  drug  solvent  treated  mice  are 
then  compared. 

During  this  fiscal  year,  seventy-five  compounds  were  tested 
systemlcally.  Table  3  presents  the  number  of  compounds  of 
each  class  which  were  tested.  Only  three  new  compounds 
demonstrated  significant  activities.  The  most  active  was 
2(p-chlorophenyl)-alpha-2-piperldyl-A-qulnollnemethanol 
(WR  7929).  An  acridine  (WR  2904)  and  a  second  quinoline- 
methanol  (WR  29252)  also  demonstrated  activities.  All 
three  compounds  were  more  active  than  nlrldazole  In  this 
test  model. 

B.  Studies  on  Hexachlovophene  as  a  Topical  Antipenetrant 

As  hexachlorophene  had  been  previously  shown  to  ex¬ 
hibit  high  antlschistosomal  activity  In  the  topical  test, 
additional  studies  were  conducted  to  further  evaluate  Its 
potential  usefulness  as  a  prophylactic  agent.  Studies  have 
been  conducted  to  determine  the  duration  of  protection 
offered  by  a  single  skin  treatment  with  1.252  (w/v)  hexa¬ 
chlorophene  In  methanol.  Table  4  presents  the  results  from 
this  study.  Here  useful  protection  against  exposures  to 
approximately  100  cercariae  is  indicated  for  intervals  of  up 
to  three  days.  Statistically  significant  protection,  however, 
extended  to  ten  days  post-treatment.  In  addition,  the  re¬ 
sistance  of  hexachlorophene  to  removal  by  water  washing 
treatment  has  been  determined.  This  data  is  presented  in 
Table  5.  Although  some  protection  was  lost  with  washes  as 
short  as  three  hours,  very  substantial  prophylactic  activity 
was  still  present  even  after  washes  of  five  hours  duration. 

Studies  were  also  conducted  to  determine  if  hexa- 
chlorophene's  activity  could  be  attenuated  by  subsequent 
treatment  of  skin  with  diethyl  ether  or  diethyl  ether  con¬ 
taining  20%  (w/v)  linolelc  acid.  Linolelc  acid  is  a  lipid 
known  to  induce  S.  mansoni  cercarial  penetration  responses. 

It  was  reasoned  that  hexachlorophene  might  act  by  either  ex¬ 
tracting  or  chemically  altering  mouse  skin  lipids,  thereby 
removing  the  normal  stimuli  for  penetration.  In  this  study, 
both  the  number  of  cercarlae  which  failed  to  penetrate  and 
the  number  which  developed  into  adult  worms  were  examined. 
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Penetration  failure  was  measured  by  the  number  of  cercarlae 
or  cercarlal  bodies  which  remained  In  the  exposure  tubes  at 
the  end  of  the  exposure  period.  Table  6  presents  the  per¬ 
centages  of  cercarlae  which  failed  to  penetrate  the  tall 
skin  of  the  mice  In  each  of  the  experimental  groups.  Here, 
hexachlorophene  treatment  was  followed  by  air  drying  and 
then  washing  for  three  hours  in  running  tap  water.  It  was 
clearly  shown  that  hexachlorophene  Inhibited  cercarlal  pene¬ 
tration  and  that  Its  activity  was  not  significantly  re¬ 
moved  by  subsequent  ether  treatment.  20%  (w/v)  llnolelc 
acid  treatment  alone  was  shown  to  be  Inhibitory  to  cercarlal 
penetration.  Data  In  Table  6  suggest  that  llnolelc  acid 
treatment  of  hexachlorophene  treated  skin  reduced  the 
latter^  antipenetrant  activity.  The  validity  of  this  con¬ 
clusion  is,  however,  challenged  by  the  results  on  adult 
worm  recoveries  presented  later.  Fii.ally,  treatment  of 
mouse  tall  skins  with  lipid  solvents  like  methanol  or  di¬ 
ethyl  ether  one  day  prior  to  exposure  does  rot  appear  to  re¬ 
duce  cercarlal  penetration  success  from  values  routinely  ob¬ 
served  with  untreated  control  mice. 

Table  7  presents  for  the  above  study  the  percentage  of 
the  cercarlal  dosage  recoverable  as  adult  worms  on  day  49 
post-exposure.  Hexachlorophene  treatment  nearly  prevented 
infection  In  all  mice.  Llnolelc  acid  treatment  at  20%  (w/v) 
very  significantly  reduced  worm  burdens  from  levels  observed 
in  solvent  treated  controls.  Perhaps  treatment  of  skin  with 
high  concentrations  of  this  lipid  caused  cercarlae  to  become 
disoriented  during  their  penetration  efforts.  Such  cer- 
cariae  may  adhere  to  the  mouse  skin  rather  than  penetrate  it. 
This  may  explain  why  most  cercarlae  for  this  group  are  not 
recoverable  in  the  infection  tubes  or  subsequently  as  adult 
worms  from  the  veins  of  exposed  mice.  Further  work  on  this 
aspect  Is  needed. 

As  some  llnolelc  acid  treatments  have  been  shown  to  in¬ 
hibit  cercarlal  penetration,  the  effects  of  graded  concentra¬ 
tions  of  llnolelc  acid  on  cercarlal  penetration  success  have 
been  examined.  Table  8  presents  the  results  of  this  study. 
Treatment  of  tall  skin  with  20%  (w/v)  llnolelc  acid  in  di¬ 
ethyl  ether  or  in  methanol,  with  2%  (w/v)  llnolelc  acid  in 
methanol,  or  with  1%  (w/v)  llnolelc  acid  in  methanol  are  seen 
to  be  Inhibitory.  Treatment  with  0.5%  (w/v)  or  0.2%  Itno- 
lelc  acid  In  methanol  are  not  clearly  inhibitory.  During 
this  next  fiscal  year  the  resulting  worm  burdens  of  mice  In 
these  mouse  groups  will  be  determined.  It  will  also  be  de¬ 
termined  if  a  suitable  concentration  of  llnolelc  acid  will 


make  haxachlorophene  treated  skin  more  susceptible  to  cer 
carial  penetration. 


Additional  studies  In  progress  include  the  examination 
of  hexachlorophene  treated  skin  following  exposure  to 
several  thousand  S.  mansonl  cercarlae.  It  Is  hoped  to  de¬ 
termine  If  hexachlorophene  can  kill  larvae  which  have 
auccessfully  penetrated  into  the  skin. 


TABLE  1.  CLASSES  OF  COMPOUNDS  TESTED  TOPICALLY  FOR  ANTI-SCHISTO¬ 
SOMAL  ACTIVITY  AND  NUMBERS  OF  CTOiPOUNDS  SHOWING  ACTIVITY 


Class 

Number  of 
Compounds 
Tested 

Number  of 
Compounds 
Active 

Number  of  Compounds 
Active  After  Water 
Wash 

Methanol Ic  plant 
extracts 

19 

3 

1 

A-Amlnoquinollnes 

5 

4 

3 

8-Amlnoqulnollnes 

5 

4 

2 

Qulnolinemethanols 

4 

2 

1 

Biphenyls 

13 

11 

9 

Imidazoles 

2 

2 

2 

Long  alkyl  chains 

5 

3 

1 

Miscellaneous  aryl 
compounds 

7 

2 

2 

Dlalkyl-tln  /  nucle¬ 
oside  complexes 

4 

0 

0 

Dehydroabletlc  acid 

2 

2 

2 

analogs 

— 

— 

— 

TOTALS 

66 

33 

23 

TABLE  2.  PERCENT  SUPPRESSION  OF  SCHISTOSOMA  MANSONI  WORM  BURDENS^ 
BY  PROPHYLACTIC  TOPICAL  APPLICATION  OP  VARIOUS  BIPHENYL  CC»IPOUNDS 


Concentration  of  Applied  Compounds 
Comwunda  2.SE  1.25X  0.625X  0.312X  0.156X 


bls(3,S,6-trlchloro-  - 

2-hydroxy-phenyl) 

■ethane  (coaBX>n  name 
hexachlorophene) 

bl8(5-chloro-2-hydroxy-  95 
phenyl)  methane 

bla(3,5-dlchloro-2-  - 

hydroxy-phenyl) 
sulfide  (conoion 
name  blthlonol) 

4-nltro,  4'-lsothlo-  - 

cyanate-dlphenylamine 

4-nltro,  4'-l80thlo-  - 

cyanate-dlbenzyl 

ether 


100  100  97.3  86.3 

74  81  65  18 

100  75 

100  -  90 

100  -  83 


* 

Compounds  were  appllca  to  the  tall  skin  approximately  twenty- 
four  hours  prior  to  cercarlal  exposure.  Tails  were  water  washed 
for  thirty  minutes  between  compound  application  and  cercarlal 
exposure.  Compound  concentrations  are  given  In  percent  weight/ 
volumes . 


TABLE  3. 


COHPOUNDS  TESTED  SYSTEMICALLY  FOR  PROPHYLACTIC  ANTI- 
SCHISTOSOMAL  ACTIVITY  IN  THE  MOUSE  MODEL 


Coapound  Class 

Number  of 
Compounds  Tested 

Number  of 

Active  Compounds 

Qu ino 1 Ineae t hano 1 s 

5 

2 

Phenanthreneaechanols 

1 

0 

4-Aalnoqulnol ines 

22 

0 

S-Affllnoqulnollnes 

1 

0 

Miscellaneous  quinolines 

5 

0 

Acridines 

6 

1 

Biphenyls 

6 

0 

Dehydroabietic  acid  analogs 

4 

0 

Thlazoles  and  Imidazoles 

2 

0 

Miscellaneous  aryl  compounds 

19 

0 

AalnoChlols 

4 

0 

TOTALS 


75 


3 


TABLE  4.  PERCENT  OF  CERCARIAL  DOSAGE*  RECOVERABLE  AS  ADULT  WORMS 
FROM  MICE  EXPOSED  TO  CERCARIAE  AT  DIFFERENT  TIMES  POST-HEXACHLORO- 
PHENE-TREATMENT**  OR  POST-METHANOL-TREATMENT 

Interval  Between 


Topical  Application 
and  Cercarlal  Exposure 

Hexachlorophene 

Treated 

Methanol  (Vehicle) 
Treated 

1  Day 

o 

o 

1+ 

o 

o 

(n-24) 

35.2  +  4.6  (n-23) 

3  Days 

1.1  +  0.1 

(n-20) 

35.0  +  4.4  (n-20) 

7  Days 

13.1  +  5.5 

(n-10) 

31.2  +  5.5  (n-10) 

8  Days 

18.1  +  3.6 

(n-24) 

37.0  +  5.0  (n-13) 

10  Days 

21.8  +  3.8 

(n-8) 

31.1  +  5.6  (n-9) 

*Exposure8  were  to  approximately  100  cercarlae. 

**Hexachlorophene  treatments  were  1.25%  (w/v)  hexachlorophene  in 
methanol  for  five  minutes.  Treatment  was  followed  by  a  water 
wash. 

***Values  are  given  as  mean  percent  +  2  standard  errors,  n  Is  the 
number  of  mice. 


TABLE  5.  THE  PERCENT  PROTECTION  AGAINST  CERCARIAL  EXPOSURE 
AFFORDED  MICE  BY  SKIN  TREATMENT  WITH  1.25X  (w/v)  HEXACHLOROPHENE 
FOLLOWED  BY  WATER  WASHES  OF  VARYING  DURATION. 


Duration  of 

Wash  In  Hours 

Percent 

Protection 

Experimental 
Group  Size 

0 

100 

19  methanol; 

20 

hexachlorophene 

1 

100 

19  methanol; 

20 

hexachlorophene 

2 

99.7 

18  methanol; 

20 

hexachlorophene 

3 

87.0 

10 

4 

92.1 

19  methanol; 

20 

hexachlorophene 

5 

* 

77.0 

9  methanol; 

10 

hexachlorophene 

Individual  mice  exposed  to  approximately  100  cercariae. 


i  4  2  '■ » 


TABLE  6.  PERCENT  CERCARIAL  PENETRATION  FAILURES  FOLLOWING  VARIOUS 
CHEMICAL  TREATMENTS  OF  MOUSE  TAIL  SKIN. 


Treatment  Group 

Mean 

Number  of  Mice 

1.25X  hexachlorophene  In  MeOH 

57.6 

10 

1.25X  hexachlorophene  In  MeOH 

58.2 

7 

then  diethyl  ether 

Diethyl  ether 

0.95 

10 

1.25%  hexachlorophene  in  MeOH 

34.6 

9 

then  20X  llnoleic  acid  In 
diethyl  ether 

20X  llnoleic  acid  In  diethyl 

10.5 

10 

ether 

MeOH 

1.45 

10 

I 


'  i 


) 


^®**C®**T  CERCARIAL  MSAGE*  RECOVERABLE  AS  ADULT  VIORMc 
OT  Se  roiLOWINC  VARIOUS  CHEHICAL  TrStKENTS 


Treatment  Grouo 

Mean 

Number  of  Mice 

1.25X  hexachlorophene  In  MeOH 

1.4 

10 

1.25X  hexachlorophene  In  MeOH 
then  diethyl  ether 

0.5 

9 

Diethyl  ether 

55.0 

4 

1.25X  hexachlorophene  in  MeOH 
then  20%  llnolelc  acid  in 
diethyl  ether 

0.2 

10 

20%  llnolelc  acid  in  diethyl 
ether 

6.7 

10 

MeOH 

52.0 

8 

* 

Mice  exposed  to  200  cercorle 


»  j.iO 


TABLE  8.  PERCENT  CERCARIAL  PENETRATION  FAILURES  FOLLOWING  DIFFERENT 
LINOLEIC  ACID  TREATMENTS  OF  MOUSE  TAIL  SKIN. 


Treatment  Group 

Mean 

Number  of  Mice 

20X  llnolelc  acid  in  diethyl 
ether 

10.5 

10 

20X  llnolelc  acid  in  MeOH 

11.5 

4 

2X  llnolelc  acid  in  MeOH 

18.2 

10 

IX  llnolelc  acid  in  MeOH 

10.1 

5 

0.5X  llnolelc  acid  In  MeOH 

A. 9 

5 

0.2X  llnolelc  acid  In  MeOH 

1.8 

10 

MeOH 

3.4 

10 

1  J  .  (  I 


U)  Protective  Inwiunity  in  Protozoan  Diseases 


In-House 


Foreign  Intelligence  not  considered 


(U)  Antigens;  (U)  Protozoa;  (U)  Inmunlty;  (U)  Tropical 


Ant.  ihniliPS 


23  (U)  The  objective  of  this  work  unit  Is  to  elucidate  the  protective  mechanisms  In¬ 
volved  In  Immunity  to  malaria  and  African  sleeping  sickness.  Malaria  is  a  disease 
which  has  repeatedly  Impeded  inilitary  operations  and  African  sleeping  sickness  has  a 
high  potential  for  doing  so  should  there  be  troops  In  the  endemic  area. 

24  (U)  The  approach  used  in  these  studies  Is  to  study  In  both  animal  models  and 
through  the  use  of  in  vitro  techniques  the  response  elicited  by  the  Immune  system,  to 
determine  the  roles  of  cellular  and  molecular  mediators  in  these  processes,  and  to  de¬ 
sign  experimental  immunogens  which  will  provide  the  basis  for  future  vaccine  develop¬ 
ment  programs. 

25  (U)  77  10-78  09  Studies  on  effector  mechanisms  against  African  trypanosomes  Indi¬ 

cate  antibody  dependent  killing  of  these  organisms.  Two  separate  killing  mechanisms 
have  been  demonstrated;  (1)  the  alternate  complement  pathway  can  be  activated  by  the 
antibody  sensitized  trypanosomes  resulting  in  death  of  the  organisms,  and  (2)  cells  can 
act  as  the  cytotoxic  mediator,  again  in  collaboration  with  antibody.  Evidence  suggest¬ 
ing  macrophage  activation  during  trypanosomiasis  has  also  been  obtained.  A  number  of 
surface  coat  antigens  occur  with  high  prevalence  and  may  serve  as  appropriatetargets 
for  vaccine  development.  Tsetse  flies  have  been  infected  with  a  recent  hunwn  isolate 
and  new  'ntlgenlc  variants  have  been  Isolated  from  mice  Infected  by  these  flies.  In 
other  studies,  artificially  Induced  immunity  against  rodent  malaria  has  been  trans¬ 
ferred  10  non-lmmune  recipients  with  lymphoid  cells.  For  technical  report  see  Walter 
Reed  Army  Institute  of  Research  Annual  Progress  Reports,  1  Oct  1977  -  30  Sep  1978. 
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I.  Studies  on  the  prevalence  of  several  antigenic  types  of  Tryp¬ 
anosoma  rhodesiense. 

A,  Antigenic  type  analysis  of  Trypanosoma  rhodesiense 
isolates  from  humans  in  the  Lambwe  valley  Area  of  Kenya. 

Objective;  This  study  was  designed  to  provide  a  preliminary 
estimate  of  the  prevalence  of  known  antigenic  types  of  T. 
rhodesiense  in  an  endemic  area  of  Kenya. 

Description;  The  property  of  African  trypanosomes  to  undergo 
antigenic  variation  poses  a  major  obstacle  to  production  of  an 
effective  vaccine.  One  potential  solution  to  this  problem  is  the 
use  of  a  polyvalent  vaccine  having  specificity  for  several  differ¬ 
ent  antigenic  types  of  trypanosomes.  This  approach  to  a  vaccine 
would  require  immunization  with  antigens  representing  the  anti¬ 
genic  types  of  trypanosomes  most  likely  to  occur  during  the 
initial  parasitemia  in  the  host,  i.e.,  the  antigenic  types  injected 
by  the  fly  and  those  occurring  by  antigenic  variation  during  the 
first  wave  of  parasitemia.  To  determine  the  feasibility  of  this 
approach,  more  data  is  needed  on  the  number  and  antigenic  type 
of  trypanosomes  occurring  in  the  host  and  the  prevalence  of  dif¬ 
ferent  antigenic  types  in  endemic  areas.  To  obtain  an  estimate 
of  the  prevalence  of  defined  antigenic  types  of  trypanosomes, 
analysis  of  a  series  of  recent  human  isolates  of  T.  rhodesiense 
from  the  Lambwe  Valley  was  undertaken.  For  tills  purpose, 
the  variant  specific  immunofluorescence  assay  described  in 
last  year's  report  was  used.  The  assay  allowed  the  detec¬ 
tion  of  13  different  antigenic  types  of  T.  rhodesiense  each 
designated  as  a  WRATat  (Walter  ReerArmy  Trypanozoon 
antigen  type). 


Progress;  Hie  immunofluorescence  assay  was  used  to  deter - 
mine  the  presence  of  the  13  defined  antigenic  types  in  26  human 
isolates  of  T.  rhodesiense.  Hie  results  of  this  assay  for  iso¬ 
lates  obtained  during  1974-75  are  shown  in  Table  1.  Hie  per¬ 
centage  of  trypanosomes  giving  a  positive  reaction  with  each 
WRATat  specific  antiserum  is  shown,  based  on  a  count  of  10,000 
organisms  per  serum.  Isolate  number  18,  from  which  WRATat 
1  was  originally  obtained,  was  in  fact  98  percent  WRATat  1. 

No  other  antigenic  type  was  detected.  Isolate  3  and  16  had  no 
trypanosomes  reactive  while  other  isolates  showed  a  range 
of  reactivity. 

Some  antigenic  types  were  found  much  more  frequently  than 
others,  e.g.,  WRATat  12  occurred  in  12  of  the  15  isolates  assay¬ 
ed.  In  contrast,  WRATat  1,  3  and  6  were  each  detected  in  only 
one  isolate.  WRATat  5  was  not  detected  in  any  isolate  assayed. 

The  total  percentage  of  the  trypanosomes  in  each  isolate 
which  were  identified  as  WRATats  was  variable.  Isolate  3  and 
16  contained  no  WRATats  while  isolates  10  and  18  contained  92 
and  98  percent  WRATats  respectively. 

The  results  of  the  analysis  of  trypanosomes  isolated  in  1976- 
77  are  shown  in  Table  2.  Here  as  in  Table  1,  it  is  evident  that 
some  antigenic  types  were  found  more  frequently  than  others. 
WRATats  2  and  12  were  detected  in  7  and  8  of  the  isolates, 
respectively,  while  WRATat  1  and  8  were  each  found  in  only 
one  isolate.  Also,  as  before,  there  was  considerable  vau'iation 
in  the  total  percentage  of  trypanosomes  reactive  with  anti- 
WRATat  sera.  Isolate  number  33  contained  no  detectable 
WRATats  while  number  34  and  36  had  97 and  86  percent  trypano¬ 
somes  found  to  be  WRATats. 

Discussion!  With  only  thirteen  antigenic  types  defined,  greater 
than  ^5  percent  of  the  parasites  obtained  from  patients  at  vari¬ 
ous  stages  of  infection  could  be  typed.  Also,  on  the  basis 
of  these  data,  no  major  changes  in  antigenic  types  present 
were  seen  between  1974  and  1977  suggesting  little  or  no  antigenic 
drift  in  the  prevalent  trypanosomes.  Although  these  data  are 
encouraging,  there  is  a  need  for  the  development  of  additional 
defined  antigenic  types  and  continued  isolation  of  trypanosomes 
from  humans  in  the  Lamb  we  Valley.  Only  after  a  more  exten¬ 
sive  analysis  will  it  be  possible  to  determine  the  potential 
fora  polyvalent  vaccine. 

B.  Variable  Antigenic  I'ype  (VAT)  specificity  of  sera  from 
trypanosome  infected  humans  in  the  Lambwe  Valley. 


Results  of  VAT  analysis  of  T.  rhodesiense  Isolates  obtained 
In  1974-1975  from  humans  In  the  Lambwe  Valley  area  of  Kenya 


Results  of  VAT  analysis  of  T.  rhodeslense  Isolates  obtained  In 
1976-1977  from  humans  In  the  Lambwe  Valley  area  of  Kenya 


To  determine  the  prevalence  of  WRATat  specific 
MUbody  m  the  sera  of  sleeping  sickness  patients  in  the  Lambwe 
Valley. 


Description;  An  assay  has  been  developed  which  allows  a  limited 
anUgenic  characterizaUon  and  quantification  of  T.  rhodesiense 
parasites  from  an  endenhc  area  of  Kenya.  ThisTs  an  in^rect 
fluorescent  antibody  assay  using  dried  thin  blood  films  as  the 
antigen.  Although  the  assay  system  is  extremely  sensitive,  it 
provides  only  the  capability  to  determine  the  variable  antigenic 
type  (VAT)  of  the  trypanosomes  present  at  the  time  of  sample 
collection.  The  assay  does  not  provide  the  ability  to  determine 
the  host's  experience  with  other  VATs  during  the  course  of 
disease  prior  to  sample  collection.  Pending  the  development 
of  VAT  specific  RIA  or  KLJSA  tests,  a  lytic  assay  using  intact, 
viable  trypanosomes  was  used.  This  assay  allowed  the  detection 
of  antibody  to  known  VATs  of  trypanosomes  in  the  serum  of  a 
chronically  infected  host,  and  provided  the  most  direct  approach 
to  determining  the  incidence  of  certain  antigenic  types  in  an 
endemic  area.  From  this  data  the  most  prevalent  VATs  could 
be  determined. 

Sera  from  eleven  different  patients  m  the  Lambwe  Valley  with 
diagnosed  sleeping  sickness  were  tested  for  lyUc  activity  against 
suspensions  of  intact  trypanosomes  of  each  WRATat.  The  re¬ 
sults  of  this  assay  are  shown  in  Table  3.  Complete  or  partial 
lysis  is  indicated  by  +  and  +  respectively.  All  sera  showed 
reacUvity  with  2  or  more  o7  the  WKATats.  Two  sera,  LVH 
35  and  36  were  reacUve  with  13  of  Uie  16  antigenic  types.  As 
found  in  the  I  FA  assay,  some  WRATats  specificities  were 
found  more  frequenUy  than  others.  Of  the  11  sera  tested,  9  sera 
reacted  with  WRATat  6  and  8  sera  reacted  with  WRATat  9. 
Specificity  for  other  antigenic  types  was  found  less  frequently. 

Discussion;  The  results  ot  this  study  show  that  infected  humans 
in  the  Lambwe  Valley  have  antibody  to  trypanosome  antigen 
types  1  through  16.  As  the  lytic  assay  used  has  previously 
been  shown  to  be  highly  specific  in  this  system,  the  results 
also  indicate  that  each  patient  whose  serum  was  assayed, 
had  experienced  one  or  more  of  the  WRATats  during  the 
course  of  infection.  Also,  some  of  the  antigenic  types  appear 
to  have  occurred  in  most  of  the  patients  tested.  More  data 
is  necessary  before  conclusions  can  be  drawn  as  to  the 
significance  of  these  common  antigenic  types.  A  much  more 
extensive  survey  of  the  Lambwe  V<illey  is  needed,  to  include 
serum  collection  from  botii  trypanosome  infected  and  noninfect- 
ed  humans  along  with  some  limited  clinical  history.  Also, 
additional  defined  antigenic  types  of  trypanosomes  must  be 


Anti  WRATat  reactivity  of  human  sera  in 


developed  in  order  to  allow  for  a  more  complete  determination 
of  the  antigenic  types  of  trypanosomes  experienced  by  humans  in 
the  Lambwe  Valley. 

C,  Variable  Antigen  type  (VAT)  analysis  of  trypanosomes 
occurring  in  experimental  Trypanosome  rhodesiense  infections. 

Objective;  To  determine  the  VAT  composition  of  the  trypano¬ 
somes  occuring  by  antigenic  variation  during  the  early  stages  of 
infection  with  cloned  rhodesiense. 

Descrmtion;  The  variant  specific  fluorescence  assay  previously 
described  has  led  to  the  ability  to  detect  and  quantify  antigenic 
variants  at  the  level  of  the  individual  organism.  This  assay, 
together  with  the  chronic  nature  of  the  Lambwe  strain  of  Try¬ 
panosome  rhodesiense  in  mice  provides  a  useful  system  for  ^ 
the  study  of  antigenic  variation  in  African  trypanosomiasis. 

The  work  in  this  study  deals  witli  tlie  occurence  of  antigenic 
variants  during  the  first  two  peaks  of  parasitemia  in  a  chronic 
mouse  infection  with  this  strain  of  trypanosome.  For  this  pur¬ 
pose,  rabbit  antisera  against  13  different  antigenic  types  of  tryp¬ 
anosomes  were  used.  As  shown  in  the  previous  report,  each 
of  these  antisera  is  specific  for  one  of  the  WRATat's  numbered 
1  through  13.  When  used  in  an  immunofluorescence  assay, 
each  antiserum  reacts  only  with  organisms  of  one  variable 
antigenic  type. 

Progress;  For  the  first  part  of  Uiis  work,  mice  were  infected 
with  trypanosomes  of  WRATat  1  and  subsequently  assayed  for 
the  presence  of  trypanosomes  of  other  antigenic  t>’pes." 

Figure  1  represents  the  parasitemia  seen  during  tlie  first 
two  peaks  of  parasites  in  mouse  No.  1,  infected  on  Day  0  with 
1  X  lOd  trypanosomes  of  antigenic  type  1.  A  relapsing  parasi¬ 
temia  can  be  seen,  with  the  initial  parasitemia  peaking  on  day 
6  of  the  infection.  This  peak  is  followed  by  a  clearance  of  the 
parasites  and  subsequent  relapse  on  day  13. 

At  the  time  that  mice  w  ere  bled  from  tlie  tail  for  parasite 
counts,  thin  blood  smears  were  also  prepared.  These  smears 
were  dried  and  stored  at  -.iO  C  for  later  use  in  the  immuno¬ 
fluorescence  assay.  At  the  time  of  assay,  eacli  blood  smear 
was  reacted  with  antisera  to  each  of  the' 13  WRATats.  For 
each  antiserum,  a  total  ot  1000  trypanosomes  were  counted  and 
the  number  giving  positive  fluorescence  determined.  This 
procedure  allowed  for  a  determination  of  tlie  percentage  of  each 
antigen  type  present  in  the  peripheral  blood  of  the  mice  at  the 


DAYS  OF  INFECTION 


time  the  blood  smears  were  taken. 


The  results  using  this  assay  for  these  two  peaks  of  parasi¬ 
temia  in  mouse  No.  1  are  shown  in  Figure  2.  Tliis  figure 
shows  the  total  parasitemia  at  each  day  of  infection  and  also 
the  antigenic  composition  of  the  trypanosomes  present.  The 
solid  black  areas  of  the  bars  represent  the  percentage 
of  the  organisms  present  found  to  be  of  the  same  cuitigenic 
type  as  the  trypanosomes  used  to  infect  the  animal,  in  this 
case  WRATat  1.  As  can  be  seen,  organisms  of  WRATat  1 
comprised  the  majority  of  the  trypanosomes  present  during 
the  first  peak.  A  second  antigenic  type  was  also  found  in 
the  first  peak,  as  shown  by  the  crosshatched  areas. 

The  second  parasitemia,  occurring  a  day  13  was  less  homo¬ 
genous,  as  shown  by  the  areas  marked  to  represent  three 
different  antigenic  types.  There  was  silso  a  fraction  of  the 
organisms  which  were  not  reactive  with  siny  of  the  13  antisera 
available.  These  trypanosomes,  represented  by  the  open  area 
of  this  bar  were  presumably  of  8ui  antigenic  type  different  from 
WRATat  1-13.  Table  4  demonstrates  the  percentage  of  each 
WRATat  present  on  day  6  of  infection  with  WRATat  1  in  five 
different  mice.  The  percentage  of  each  antigenic  type  detect¬ 
able  in  these  mice  by  the  fluorescent  assay  is  shown.  WRATat' s 
2,  4-10  and  12  were  not  detected. 

The  composition  of  the  starting  inoculum  was  found  to  be 
98%  WRATat  1  and  1%  WRATat  13  yielding  a  total  percentage 
reactive  of  99%.  Mouse  No.  1  shown  in  the  previous  figure 
is  shown  again  here  with  96%  WRATat  1  and  the  remaining 
4%  WRATat  13  yielding  a  total  of  100%  reactive.  WRATat  13, 
which  was  present  in  the  starting  inoculum,  occurred  in  all 
five  mice  on  day  6.  Only  two  other  antigenic  types  were  de¬ 
tected.  WRATat  3  occurred  in  mouse  No.  2.  'Diese  two  mice 
also  had  a  percentage  of  the  organisms  present  which  were 
not  reactive  with  the  available  antisera. 

The  composition  of  the  second  peak  of  psirasites  in  these 
same  five  mice  is  shown  in  Table  5.  On  day  12  of  infection  with 
WRATat  1,  the  indicated  antigenic  types  were  found.  Types 
1,  3,  6  and  7  were  not  detected.  Also,  some  of  the  anti¬ 
genic  types  occurred  more  frequently  than  others.  For 
example,  WRATat's  5  and  12  each  occurred  in  4  of  the 
5  mice  while  WRATat's  9,  10  and  11  each  occurred  in  only 
one  of  the  animals. 

It  can  be  seen  from  this  table  that  the  second  peak  of 
parasitemia  was  much  more  heterogenous  than  the  first  peeik. 
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Table  4 

Percentage  of  each  WRATat  present  during  the  first  peak  of  parasitemia 
Day  6  of  infection  with  WRATat  1 


Table  5 

Percentage  of  each  WRATat  present  during  the  second  peak  of  parasitemia 
Day  12  of  infection  with  WRATat  1 


Also,  a  larger  percentage  of  the  trypanosomes  present  was  non- 
reactive  and  thus  presumably  of  antigenic  types  different  from 
the  13  for  which  antisera  were  prepared. 

The  second  part  of  this  study  deals  with  the  occurrence  of 
antigenic  variants  during  the  first  two  peaks  of  parasitemia 
after  infection  with  WRATat  2.  The  same  procedures  described 
for  the  previous  work  were  also  used  here. 

Table  6  shows  the  percentage  of  each  WRATat  found  on 
day  6  during  infection  with  WRATat  2.  Types  5-12  were  not 
found.  Once  again  it  can  be  seen  that  in  the  first  peak,  the 
majority  of  the  parasites  were  of  the  same  antigenic  type  as 
the  starting  inoculum.  Also,  as  before,  there  were  some 
organisms  that  did  not  react  with  any  of  the  antisera,  both 
in  the  starting  inoculum  and  on  day  6  in  four  of  the  five  mice. 


Table  7  shows  the  antigenic  type  present  in  the  second 
peak  of  parasitemia  in  these  same  mice.  Again,  many  of  the 
WRATat's  occurred  in  these  mice  as  indicated  here  with  7 
different  types  present  in  the  five  mice,  and  no  definite  pattern 
of  occurrence.  Also  a  large  percentage  of  the  trypanosome 
were  not  reactive.  It  is  interesting  to  note  that  WRATat 
2  occurred  in  the  second  peak  of  parasitemia  in  mouse  No.  2 
even  though  this  animal  had  shown  clearance  of  WRATat  2 
six  days  earlier.  This  apparent  paradox  remains  unexplained. 

Discussion;  The  occurrence  of  defined  antigenic  types  of 
Trypanosoma  rhodesiense  in  the  first  two  peaks  of  parasitemia 
was  investigated  during  experimental  infection  in  mice.  The 
first  peak  of  parasites  was  found  to  be  relatively  homogeneous 
and  predominantly  of  the  same  antigenic  type  as  the  starting 
inoculum.  In  contrast,  the  second  peak  of  parasites  was 
markedly  heterogeneous,  with  as  many  as  5  different  antigenic 
types  occurring  in  the  second  peak  in  different  mice  infected 
with  the  same  starting  inoculum  were  greatly  varied,  i.e., 
no  definite  sequence  was  evident.  However,  some  antigenic 
types  were  found  more  frequently  than  others. 

In  order  to  determine  Uie  practical  implications  of  tliese 
results  relative  to  the  prospects  for  immunization,  work  is 
needed  to  determine  the  antigenic  heterogeneity  of  the  trypano¬ 
somes  injected  into  the  host  by  the  fly  vector  and  the  hetero¬ 
geneity  of  the  first  wave  of  parasites  in  tlie  host, 

II.  Isolation  and  purification  of  protective  antigens  from  Try¬ 
panosoma  rhodesiense. 


Percentage  of  each  WRATat  present  during  the  first  peak  of  parasitemia 


Qb.1ective;  The  purpose  of  this  study  was  to  continue  work 
detailed  in  the  previous  annual  report  which  showed  that  it 
was  possible  to  obtain  monospecific  antiserum  against  a 
variant  specific  protein  antigen. 

Description;  The  previous  report  described  antigenic  com¬ 
ponents  from  two  distinct  variant  specific  trypanosomes  obtain¬ 
ed  by  DEAE-cellulose  chromatography.  Isoelectric  focusing 
with  wide  range  ampholines  (pH  3.  0-10.0)  in  thin  layer  acryla¬ 
mide  gels  showed  a  number  of  major  components  distributed 
within  the  pH  range  8-10.  Cross-immunodiffusion  of  the  iso¬ 
electric  focused  components  with  anti-trypanosomal  sera  re¬ 
sulted  in  precipitin  lines  which,  when  excised,  washed  and  injec¬ 
ted  into  rabbits,  produced  monospecific  antisera.  These  find¬ 
ings  were  extended  to  include  a  comparative  study  of  three  dif¬ 
ferent  extract  procedures.  Briefly,  the  antigens  compared 
were  prepared  as  follows;  1)  DEAE  antigen  is  the  breakthrough 
peak  of  freeze-thawed  and  syringe-disrupted  trypanosomal  ex¬ 
tract;  2)  KCl  extract  is  prepared  by  extracting  trypanosomal 
antigen  with  3M  KCl;  and  3)  Con-A  represents  tlie  elution  of 
absorbed  soluble  trypanosomal  antigen  to  sepharose-concanava- 
lin  A  column  with  methyl -D-niannoside.  This  latter  material 
was  prepared  by  Dr.  John  Olenick  and  his  associates  in  the 
Division  of  Biochemistry. 

Progress;  Figure  3  depicts  the  results  obtained  when  three 
different  extraction  procedures  of  trypanosomal  antigen,  as 
well  as  different  preparations  of  the  same  extraction  procedure, 
are  compared  by  isoelectric  focusing  in  polyacrylamide  gels. 

When  the  isoelectric  point  of  the  bands  are  determined  and  com¬ 
pared  wito  one  another,  several  interesting  observations  can  be 
made.  Mrst,  although  there  are  some  differences  among  the 
three  different  preparation  of  W-3,  it  was  remarkable  how  many 
bands  are  in  common.  Second,  each  of  the  DEAE  preparations 
of  W-3  possess  cationic  components  that  areeitlier  absent  or 
present  in  extremely  small  amounts  in  the  KCl  and  Con-A 
preparations.  Third,  every  band  identified  in  the  KCl  and/or 
Con  A  preparations  can  also  be  identified  in  the  DEAE  prepara¬ 
tions.  Fourth,  there  are  several  components  in  common  in  all 
W-3  preparations  regardless  of  the  extraction  procedure. 

The  next  experiment  was  designed  to  identify  the  specific 
band  that  represented  the  protective  antigen.  The  tliree  different 
preparations  of  W-3  were  isoelectric  focused  in  narrow  range 
polyacrylamide  gel  (pH  7.  5-10.  0)  in  duplicate.  Ovie  portion  was 
fixed  and  stained  to  locate  the  position  of  the  focused  bands. 

The  second,  identical  portion,  was  layered  on  antibody  contain- 


CON-A  ^^-3) 
KCt  (W  J\ 
DEAE  pr»p  t  ( W  3) 
OEAE  p»*p  2  (  W  3) 


DEAE  pr*p3(W  3) 
DEAE  pr*p  U  W-2) 


DEAE  pr*p2(W  2) 
KCL  (W-2) 


Comparison  of  the  various  soluble  antigen  preparation  of 
X-  rhodesiense  by  isoelectric  focusing  in  polyacryla¬ 
mide  gel  ( pH  3- 1 0  range). 
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ing  agarose.  The  results  are  depleted  iii  I'igure  4.  It  appi-ai  s, 
that  Uie  size  of  precipitin  rings  are  directly  related  to  tlie  in¬ 
tensity  of  tlio  stained  biuid;  that  is,  tlie  nior'e  protein  Uie  larger 
the  precipitin  ring  size.  It  is  very  apparent,  and  disturbing, 
tliat  all  tlie  separated  biuids  are  reacting  with  the  nionospecilic 
antisera.  However,  it  should  be  noted  that  tlie  precipitin  bands, 
particularly  adjacent  bands  as  demonstrated  in  DKAi:,  are  not 
distinct  but  continuous  which  suggest  identity  between  tlie 
various  bands.  These  results  could  be  explained  on  tlie  basis  tU 
aggregation  and/or  fragmentation  of  the  antigen  during  extrac¬ 
tion  or  storage. 

Molecular  weight  determinations  of  tlie  three  different  VS -3 
preparations  were  done  in  polyacrylamide  gradient  gel  electro¬ 
phoresis  in  presence  of  sodium  dodecvl  sulfate.  ITgure  5 

illustrates  Uie  results  obtained.  The  KtT  extract  was  the  most 
heterogeneous  wiUi  materud  ranging  from  approximately  14,000 
to  100,000  daltons;  whereas,  the  t'on  A  preparation  exhibiti'i.1 
the  least  heterogeneity.  It  is  idso  apparent  Unit  Uie  bulk  of 
the  protein,  in  idl  three  different  extraction  precedures,  was 
between  40,000  and  60,000  didtons. 

Discussion;  Continuation  of  the  effort  towards  identification, 
isolation  and  characterization  of  the  protective  tr\iianosomal 
antigen.  The  major  obstacle  is  the  heterogeneity’ exhibited  by 
the  various  prepai-ations  Uiat  most  likely  develops  by  aggrega- 
gation  and/or  fragmentation  of  the  anUgenic  moiety. 

Ill.  Complement  Mediated  Cytotoxicity  .Ag^ihist  'rrypatiosoma 

lUiodesiense  Dependent  on  tX.Vb'l’o  of  Specific  IglV  .Vntibody. 

Objective:  This  project  was  designed  to  determine  whether  or 
not  F(Ab')2  derived  from  rabbit  antibody  against  Trvi>anosoma 
rhodesiense  is  toxic  to  Uie  organisms  in  Uie  presence  of  comple - 
ment. 

Description;  Previous  studies  in  our  laboratory  have  demon¬ 
strated  Uiat  fresh  serum  from  animals  immunized  against  ex¬ 
perimental  African  trypanosomiasis  by  the  injection  of  gamma 
irradiated  organisms  is  cytotoxic  against  the  orgtuiisms  as 
judged  by  inhibition  of  Uieir  cajiacity  to  incorporate  radiola- 
belled  leucine  (  J  Immunol  lOO's-lOOU,  lUTb).  In  these 
studies,  heated  immune  serum  in  the  absence  of  ;ui  added 
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Fig.  4.  Isoelectric  focusing  in  polyacrylamide  gel  (pH  7.5  -  10.0 
range)  and  antigen  detection  in  situ  by  overlaying  with 
antibody  incorporated  in  agarose. 
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Fig.  5.  Molecular  weight  determinations  by  polyacrylamide 
gradient  gel  electrophoresis  in  0.2%  sodium  dodecyl 
sulfate  (SOS). 
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source  of  complement  did  not  sustain  the  cytotoxic  reacUon. 
Subsequently,  we  provided  evidence  that  the  complement  re¬ 
quirement  could  be  satisfied  by  the  use  of  C4  deficient  serum 
by  toe  addition  of  EDTA  but  not  EGTA,  indicating  that  an  alter¬ 
native  pathway  supported  the  reaction  (Infect.  Immun. .  19:928- 
93,  1978).  We  have  also  recently  reported  that  depletion  of 
factor  B  from  human  complement  by  affinity  immunoabsorbent 
chromatogr^hy  results  in  loss  of  toe  abiUty  of  the  complement 
to  support  the  cytotoxic  reaction.  The  present  study  investi¬ 
gates  toe  requirement  for  the  Fc  portion  of  rabbit  IgG  in  this 
cytotoxic  reaction.  The  immune  rabbit  serum  was  obtained  by 
the  immunization  of  animals  with  a  soluble  extract  of  toe 
Wellcome  strain  of  Trypanosoma  rhodesiense  using  complete 
Freund's  adjuvant. 

P^OR^ess:  IgG  was  isolated  from  immune  and  non-immune 
rabbit  serum  on  staphylococcal  protein  A-sepharose  columns. 
Portions  of  each  of  the  preparations  were  then  digested  with 
pepsin  at  pH  4  for  approximately  20  hours.  tXher  portions  of 
each  preparation  were  incubated  for  the  same  period  of  time 
under  identical  conditions  except  for  deletion  of  the  enzyme 
from  the  mixtures.  Following  neutralization  of  the  reaction 
mixtures  they  were  again  subjected  to  protein  A-sepharose  af¬ 
finity  chromatography.  Figure  6  illustrates  the  patterns  obtain¬ 
ed  with  toe  immune  IgG  pepsin  digest  and  its  non-digested  con¬ 
trol.  In  the  case  of  the  control,  a  small  amount  of  material  did 
not  bind  to  the  column  and  is  seen  as  a  small  peak  of  material 
absorbing  at  280  nm;  on  eluting  with  acid  buffer,  the  main  peak 
of  optical  density  was  obtained  and  tois  was  used  for  the  experi¬ 
ments  described.  On  the  contrary,  the  major  peak  of  absorbing 
material  was  obtained  from  the  pepsin  digest  fractionation  prior 
to  application  of  the  acid  buffer;  a  small  peak  was  obtained  by 
acid  elution,  but  this  was  discarded  and  the  major  peak  used  for 
the  experiments. 

The  four  protein  preparations  were  used  in  in  vitro  cyto¬ 
toxicity  experiments:  Tlie  organisms  were  incubated  in  toe  pre¬ 
sent  of  toe  protein  prepai^ation  and  complement  for  10  minutes, 
then,  pulsed  with  tritiated  leucine  and  incubated  for  an  addition¬ 
al  60  minutes.  The  mixtures  were  then  harvested  on  glass  fiber 
filters,  and  toe  filter  dried  and  counted  in  a  liquid  scintillation 
counter.  It  can  be  seen  (Fig  7)  toat  the  immune  IgG  and  F(Ab')U 
both  markedly  inhibited  incorporation,  Non-immune  IgG  and  ^ 
F(Ab')2  led  to  essentially  no  inhibiton  at  toe  lower  concenti-a- 
tion,  although  at  higher  concentrations,  inhibition  was  seen. 

This  Inhibition  of  incorporation  by  non-immune  IgG  or  serum  lias 
been  seen  consistently  throughout  our  studies,  and  is  believed  to 
be  due  to  interference  with  incorporation  of  toe  isotope  and. 
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Fig.  6.  Purification  of  anti -Trypanosoma  rhodesiense  IgG  AI 

F(Ab')2  by  staphylococcal  protein  A-sepharose  affinity 
chromatography. 


Fig.  7.  Cytotoxicity  against  Trypanosoma  rhodesiense  by  IgG  and 
F  (Ab')2  antibody  in  the  presence  of  complement 


Table  8 

COMPLEMENT  DEPENDENCE  OF  ANTIBODY  INDUCED  CYTOTOXICITY  AGAINST 
T.  RHODES I ENSE:  EFFECT  OF  HEATING  C4  DEFICIENT  SERUM 
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ANTIBODY  INDUCED  CYTOTOXICITY  AGAINST  T.  RHODESIENSE  IN  THE 


based  on  microscopic  observations,  is  not  associated  with  cyto¬ 
toxicity. 

To  further  characterize  the  cytotoxic  reaction  by  immune 
F(Ab')2  »  studies  were  performed  in  which  C4  deficient  guinea 
pig  serum  was  used  as  a  source  of  complement.  It  car  be  seen 
(Table  8)  that  the  material  is  also  effective  under  these  condi¬ 
tions.  This  inhibition  of  uptake  can  be  reversed  by  heating  the  C4 
deficient  serum  for  thirty  minutes  at  56  C  both  in  the  case  of  in¬ 
tact  IgG  and  in  the  case  of  F(Ab')2  as  indicated  in  both  experi¬ 
ments. 


Addition  of  EDTA  to  C4  deficient  guinea  pig  serum  also  re¬ 
sults  in  a  reversal  of  the  inhibition  due  to  immune  IgG  or 
F(Ab')2  (Table  9)  this  is  evident  in  both  experiments,  although 
more  obvious  in  the  second. 

Some  inhibition  of  incorporation  of  the  isotope  in  immune  as 
compared  to  normal  IgG  or  F(Ab')2  can  be  seen  in  the  absence 
of  complement  (Table  10)  in  the  experiment  reported  the  same 
concentration  of  immunoglobulins  was  used  as  in  the  previous 
two  tables.  It  may  be  noted  that  the  total  counts  obtained  are 
much  higher  than  in  the  presence  of  complement  even  though 
all  other  factors  are  comparable.  On  a  percentage  basis  the 
inhibition  obtainedis  considerably  lower  than  that  seen  with 
complement  and  there  is  no  consistent  effect  of  EDTA  on  the 
extent  of  this  inhibition. 

Discussion  and  Recommendations ;  We  conclude  that  the  Fc  por- 
tion  of  the  IgG  molecule  is  not  required  for  the  auitibody  dependent 
complement  mediated  killing  of  T.  rhodesiense.  Addition  studies 
to  further  define  the  variations  in  effector  mechanisms  against 
this  organism  are  required  to  fully  describe  the  predictive  value 
of  in  vitro  assay  as  regards  host  immunity. 

IV.  Role  of  macrophages  during  the  course  of  Trypanosoma 
rhodesiense  infection  in  mice. 

A.  Strain-dependent  specificity  of  mice  to  lethal  effects  of 
infection  with  Tr.ypanosoma  rhodesiense. 

Objective;  This  investigation  was  designed  to  determine  the  re¬ 
sistance  of  various  inbred  mouse  strains  to  infection  with  T. 
rhodesiense. 

Description;  Many  inbred  strains  of  mouse  can  be  grouped  into 
those  susceptible  or  resistant  to  infection  with  certain  bacteria, 
viruses  or  parasites.  A  prior  report  has  shown  that  mortality 


of  Trypanosonia  brucej  infection  is  not  correlated 
complex.  The  present  study  is  investigating 
whether  the  mortalitv  nf  mice  as  a  result  of  T.  rhodesiense  in¬ 
fection  IS  related  to  some  oUier  genetic  or  celluTar  factors. 

MiUe  mice  8-10  weeks  of  age  were  purchased  from  the  Jackson 
Harbor,  Maine.  The  mice  obtained  were: 

A/WySn,  C3H/HeJ,  C3HeB/FeJ,  C3H.SW/Sn, 

CBA/J,  DBA/lJ,  DBA/ZJ.  and  SWR/J.  In 
order  to  determine  if  the  mortality  rates  of  infected  mice  were 
dose-relat^,  mice  were  injected  with  either  10^  or  10^  trypano- 
de^*  (EATRO  1886  strain).  Animals  were  checked  daily  for 

^ogress:  A  partial  collection  of  data  is  represented  in  Fig.  8. 

j  mouse  strains  such  as  DBA/2J  or 

C3H/HeJ,  deaths  in  the  population  of  mice  exposed  to  105  trvcL- 
anosomes  occur  as  rapidly  as  do  deaths  of  those  exposed  to  1^ 

mouse  strains  such  as  C3HeB/FeJ  and 
C3H.SW/Sn  there  did  appear  to  be  a  dose-related  correlation  be¬ 
tween  numbers  of  trypanosomes  injected  and  mortality. 

Discussion:  The  strains  which  die  early  are  not  capable  of  the 
imniunol^ical  response  of  the  strains  that  do  not  die  early. 
Further  information  will  be  derived  from  these  studies  after  ex¬ 
tensive  genetic  analyses  at  the  completion  of  this  investigation- 
however,  it  is  of  interest  that  C3H/HeJ  mice  wereone  of  the 
susceptible  to  Trypanosoma  rhodesiense  death, 
and  C57BL/6J  one  of  the  more  resistant.  "TOesF results  are 
consistent  wi^  ^ose  found  in  ^yp^osoma  brucej  infections 
(  layton,  1978;  Clarkson,  1976).  These  are  also  the  identical 
mouse  strains  which  have  been  found  to  be  respectively. 

CFb  non-responders  and  LPS  responders,  as  well  as  low- 
tumorcidal  and  high-tumorcidal  (Ruco,  et  al.  1978). 

B.  Chaises  in  macrophage  cytostatic  effect  upon  infecUon  of 
mice  with  Trypanosoma  rhodesiense. 

is  an  assessment  of  the  effect  of  trypanosoma 
infection  upon  the  ability  of  macrophage  populations  to  inhibit 
Prj^hferation  of  a  specific  target  cell  (i.  e.  macrophage  activa- 

Description;  There  are  a  number  of  tumor  ceU  lines  wliich  will 
multiply  tas  measured  by  incorporation  of  a  pulse  of  ^H-labell- 
ed  myrnidine  (  H  TdR)  under  proper  conditions.  When  perito- 
ne^  macrophages  from  untreated  mice  are  placed  into  culture 
tumor  cells  proliferation  continues  unabated.  The 
addition  of  macrophages  from  mice  chronically  infected  with 


certain  infections  will  inhibit  growth  (cytostasis)  or  kill  the  tar¬ 
get  cell  population  (cytocidal  effect)*  The  present  studies  were 
designed  to  determine  whether  mice  infected  with  T.  rho- 
desiense  developed  a  population  of  peritoneal  macrophages 
wkich  were  cystostatic  to  the  tareet  cell  RBL-5  (a  murine 
Rauscher  virus-induced  cell  line).  C57BL/6J  mice  were  inject¬ 
ed  with  103  T.  rhodesiense  or  diluent.  Ten  days  post-infection 
those  mice  previously  injected  with  trypanosomes  are  given  a 
booster  injection  of  10'  or  10^  gamma  irradiated  trypanosomes. 
Two  to  three  days  later  the  peritoneal  macrcmhages  of  both  con¬ 
trol  and  experimental  mice  are  harvested.  Cells  are  plated  at 
4  X  ICPcells/ml  on  plastic  and  permitted  to  adhere  at  37  C  in  a 
5%-CO  environment.  After  60-90  minutes  of  incubation,  plates 
are  washed  extensively  of  non-adherent  cells,  and  placed  upon 
ice.  After  30  minutes  of  treatment  cells  are  scrapped  off  &e 
plates  by  means  of  a  rubber  spatula.  Cells  are  then  washed  and 
plated  at  ratios  of  10:1  to  80:1  (effector  to  target).  Cultures  are 
incubated  approximately  44  hours  with  a  4  hour  pulse  of  %  thy¬ 
midine  prior  to  harvest.  The  RBL-5  target  cells  will  continue 
to  take  up  thymidine  unless  prevented  by  the  presence  of  "acti¬ 
vated"  effector  peritoneal  macrophages. 

Progress;  A  comparison  of  the  incorporation  of  tritiated  thymi- 
dine  into  RBL-5  target  cells  in  the  presence  of  macrophages 
from  infected  or  untreated  mice  is  presented  in  Table  11.  In 
these  two  representative  samples,  adherent  cells  from  mice  in¬ 
fected  with  trypanosomes  permitted  only  65%  and  44%  of  the 
proliferation  of  RBL-5  as  did  cells  from  normal  mice. 

Discussion.  This  cytostatic  assay  has  a  number  of  inherent 
problems.  Other  investigators,  as  well  as  we,  have  found  pro¬ 
blems  with  consistency  of  the  data  from  experiment  to  experi¬ 
ment.  Some  feel  that  the  procedure  of  screwing  adherent  cells 
off  plastic  dishes  results  in  damaged  cells  which  behave  incon¬ 
sistently.  It  may  also  be  that  certain  cell  pcqjulations  and  cell 
types  cannot  interact  reliably.  To  circumvent  these  problems 
we  will  simply  add  target  tumor  cells  directly  to  macrophage 
monolayers  harvested  from  untreated  and  infected  mice.  Also 
we  will  measure  the  cytocidal,  rather  than  the  cytostatic  poten¬ 
tial  of  effector  macrophages.  The  latter  macrophage-target 
cell  interaction,  employing  release  of  Chromium  or  tritiated 
thymidine  results  in  more  uniform,  constant  data. 

Preliminary  experiments  in  this  laboratory  to  determine  the 
cytotoxic  potential  of  trypanosoma-infected  mice  indicated  that 
the  RBL-5  cell  line  may  not  be  suitable  for  this  type  of  assay. 

A  different  mouse  cell  line  is  currently  under  study. 


Table  11 


Incorporation  of  TdR  by  RBL->5  in  the  presence  of 
macrophages  from  untreated  and  infected  mice 


Cells 

CPM 

Exp. 

1  Inf.  PfcC  +  media 

Inf.  PEC  +  RBL-5 

61& 

75649 

Nor. 

Nor. 

PEC  +  media 
PEC  +  RBL-5 

1733 

116906 

E}q>. 

2  Inf.  PEC  +  med 

Inf.  PEC  +  RBL-5 

1588 

7096 

Nor.  PEC  +  media 
Nor.  PEC  RBL-5 

5267 

163330 

*G.  nr  -  TCPM  W  PEC  4^^  RBL-5)  -  TCPM  Inf  PEC  '  .nianj 
_ CPM  Nor  PEC'-^  HBi:r5)T:^CPM'mr'FECT  medfa) 


These  results  suggest  that  adherent  cells  from  mice  infected 
with  trypanosomes  have  a  heightened  potential  to  inhibit  cell 
proliferation  of  RBL-5. 

C.  Production  of  a  splenic  factor  by  infected  mice  which  is 
capable  of  activating  normal  macrophages. 

Objective.  This  study  will  determine  whether  spleen  cell  cul- 
tures  from  Trypanosoma  rhodesiense-infected  mice  will  pro¬ 
duce  factors  upon  incubation  with  trypanosome  antigens  that  can 
activate  normsd  macrophages  to  cytostatic  or  cytocidal  activity. 

Description.  Supernatants  of  PPD-stimulated  BCG- immune 
spleen  ceU  suspensions  can  activate  normal  peritoneal  macro¬ 
phages  to  kill  tumor  cells  in  vitro  (Ruco  and  Meltzer*  1977). 

Since  cells  of  mice  infecte3”with  trypanosomes  evidence  cap¬ 
abilities  of  inhibiting  tumor  cell  growth  in  vitro,  it  was  likely 
that  splenic  cultures  of  these  infected  mice  were  producing 
supernatants  which  could  activate  peritoneal  macrophages  from 
untreated  mice.  Single  cell  suspensions  of  spleens  from  either 
untreated  or  trypanosome-infected  mice  were  obtained.  Cells 
were  incubated  in  mass  culture  with  trypanosome  antigen  (ob¬ 
tained  by  heating  trypanosomes  for  two  minutes  at  56  C).  Incu¬ 
bations  were  then  carried  out  at  37  C  in  a  5%  CO  -humidified 


1 


chamber.  After  48  h  stimulation,  cells  were  pelleted  by  cen¬ 
trifugation  and  supernatants  fUtered  through  0.22  pm  MiUipore 


filters.  Peritoneal  macrophages  from  untreated  mice  were  in¬ 
cubated  in  96-well  microtiter  plates  at  37  C  in  a  5%  CO  environ¬ 
ment.  Sixty  to  ninety  minutes  later  the  wells  were  repeatedly 
washed  by  aspiration  of  non-adherent  cells  and  replacement  with 
media.  Supernatants  formed  from  antigen-stimulated  splenic 
cultures  were  added  to  these  macrophage  monolayers  for  4 
hours  prior  to  addition  of  RBL-5.  Supernatsuits  from  trypano¬ 
some  infected  mice  are  expected  to  stimulate  macrophages 
from  untreated  mice  to  inhibit  proliferation  of  targets. 

Progress;  Supernatants,  in  one  experiment,  were  upon  addition 
to  normal  peritoneal  mouse  macrophages  able  to  activate  these 
cells  to  inhibit  the  normal  prol-ferative  rate  of  the  tumor  cell 
line  (Table  12). 


Table  12 


Inhibiton  of  incorporation  of  H  TdR  by  RBL-5  in  the  presence 
of  untreated  macrophages  and  splenic  factors _ 


Culture  CPM 


N  PEC  +  media  +  RBL-5  229299 

N  PEC  +  I  supt*  +  RBL-5  128324 

N  PEC  +  N  supt*  +  RBL-5  231411 


G.  R. 

.56 

1.00 


TT 


d  N  =  supernatant  obtained,  respectively,  from 

"immune"  and  untreated  murine  splenic  cell 
suspensions  incubated  with  trypanosomal  anti¬ 
gen  for  48  h. 


I'iCI 


supt  an* 


Discussion;  The  spleen  cells  of  mice  infected  with  trypano¬ 
somes  produce  a  factor  which  may  activate  peritoneal  adherent 
cells  from  normal  mice  to  inhibit  proliferation  of  a  target  cell. 
That  supernatant  with  which  positive  results  were  obtained  in 
this  cytostatic  system  was  also  shown  to  be  able  to  activate  nor¬ 
mal  macrophages  to  kill  tumor  cells  in  cytotoxic  assay  in 
smother  laboratory.  We  are  currently  examining  the  conditions 
which  have  led  to  production  of  potent  supernatsuits.  Upon  am 
evsduation  of  the  necessary  requirements  these  studies  will  be 
repeated  using  a  cytotoxic,  as  well  as  the  cytostatic  assay. 

D.  Adherent  peritoneal  cells  mediated  kill  of  trypano¬ 
somes  in  vitro  in  the  presence  of  anti-trypanosomsd  amtibody. 

Qb.iective;  This  investigation  determines  the  prerequisites  for 
in  WtroTTill  of  trypamosomes  by  peritonead  macrophages. 

Ctescription.  Documentation  from  these  laiboratories  have 
shown  that  serum  from  amimads  infected  witli  Trypamosoma  rho- 
desiense  cam,  in  the  presence  of  complement,  kul  trypamosomes 
in  vitro~Ias  measured  by  the  decrease  of  incorporation  of 
leucine  as  am  assay  of  trypamosome  death).  To  examine  whether 
macrophaiges  can  substitute  for  tlie  absolute  requirement  of  com¬ 
plement  in  this  system  the  following  procedure  was  carried  out. 
Peritonead  macropadiges  from  untreated  mice  were  incubated  for 
2  hours  at  37  C  in  a  COo  incubator  before  waishing  to  remove 
nonadherent  cell  populauons.  Wellcome  strain  trypamosomes 
were  then  placed  on  these  monolayers.  Either  immediately 
thereadter,  or  2  hour  post-incubation  at  37  C,  an  aliquot  of 
trypamosomes  were  removed,  diluted,  and  injected  into  ICR 
mice.  Any  trypamosome  damaged  or  phagocytized  by  the  ma¬ 
crophage  monolayers  would  not  be  able  to  multiply  and  kill 
the  host. 

Progress  and  Discussion;  Studies  indicate  that  neither  normal 
macrophages  nor  macrophaiges  from  trypamosome -infected  mice 
are  capable  of  killing  trypanosomes  by  themselves.  Microscopic 
examination  of  monolayer -trypanosome  combinations  after  as 
mamy  as  24  hour  incubation  show  no  changes  in  trypanosomal 
mobility.  A  comparison  of  the  incorporation  of  radiolabelled 
leucine  by  trypanosomes  in  the  presence  and  absence  of  various 
populations  of  macrophages  is  under  study.  Studies  are  also 
planned  to  determine  the  influence  of  IgG  and  K(ab)2  fragments 
from  T.  rhodesiense  infected  mouse  sera  upon  macrophage 
handling  of  live  trypamosomes. 


V.  Evaluation  of  Immunofluorescence  in  the  Diagnoses  of  Early 
Cutaneous  Leishmaniasis 


Objective:  The  objective  of  this  study  was  to  evaluate  indirect 
immunofluorescence  as  a  method  of  ^e  diagnosis  of  early  cuta¬ 
neous  leishmaniasis  contracted  by  troops  on  training  in  the 
Canal  Zone. 

Description:  These  studies  were  performed  using  sera  obtained 
during  the  course  of  a  project  conducted  by  Ft.  Bragg  of  troops 
observed  before  and  after  potential  exposure  to  leishmaniasis 
during  training  at  the  jungle  warfare  training  center  in  the  Canal 
Zone.  Sera  were  obtained  just  prior  to  departure  and  after  re¬ 
turn  from  the  endemic  area  approximately  2  months  after  ter¬ 
mination  of  the  period  of  exposure.  A  fluorescent  antibody  test 
was  developed  based  on  that  previously  described  by  Walton  et 
al.  with  certain  modifications.  The  antigen  consisted  of  Leish- 
mania  braziliensis  (Panama)  amastigotes  from  axenic  ciilture 
stored  in  20%  glycerol  at  -72  C.  Slides  were  prepared  and  the 
organisms  fixed  on  the  day  of  the  test.  The  unknown  serum  was 
diluted  1/16  and  applied  to  the  antigen  slide  for  20  minutes  after 
which  the  slide  was  washed  6  times.  Goat  anti-human  globulins 
at  a  1/150  dilution  in  0.1%  Evans  blue  was  applied  to  prepara¬ 
tions  after  which  they  were  incubated  for  15  minutes  and  then 
washed  6  times.  The  unknown  sera  in  the  study  were  examined 
for  fluorescense  by  two  observers  using  the  recommendations 
regarding  surface  fluorescense  as  described  by  Walton. 

Conditions  differed  somewhat  from  those  described  by  Walton 
in  that  amastigotes  derived  from  Vero  cell  cultures  were  used 
in  his  ptper  and  material  of  this  type  was  not  available  at  the 
time  the  current  studies  were  performed.  Other  variables  which 
differed  in  the  two  procedures  were  studied  systematically  and 
no  differences  found  among  them;  these  included  the  use  of  fro¬ 
zen  slides  versus  bulk  frozen  antigen,  the  use  of  Evans  blue  at 
0.2%,  0.1%,  or  completely  omitted;  unfixed  versus  2%  formalin 
fixed  antigen  preparations;  the  use  of  veronal  versus  phosphate 
buffer,  and  the  use  or  omission  of  bovine  serum  albumin  in  the 
diluent.  Table  13  illustrates  the  criteria  used  for  interpretation 
for  interpretation  of  the  fluorescence  patterns  observed. 

Progress:  Table  14  demonstrates  £ui  antiglobulin  titration  using 
a  normal  and  a  positive  control  serum.  It  can  be  seen  that  the 
positive  control,  which  was  taken  from  a  long  standing  culture 
positive  case  of  cutaneous  leishmaniasis  reacts  strongly  in  this 
experiment.  A  number  of  other  sera  were  tested  demonstrating 
a  high  degree  of  false  positives  among  sera  from  patients  with 


Table  13 


Cutaneous  Leishmaniasis  IFAT 
Interpretation  of  fluorescence  pattern 


Pattern  Grade  Interpretation 

all  organisms  Z-4-i'  Reactive 

fluoresce 

(2  observers) 


50%  or 

fewer  organisms  or  1+  Non  reactive 

fluoresce  ”” 

(2  observers) 


two  observers 
disagree 


Weakly  reactive 


..  ..M. 
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Table  15 


Cutaneous  leishmaniasis  IFAT 
reactivity  of  various  sera 


Serum 

Category 


Positive/total 

tested 


Normal 


0/4 


Chagas" 


2/2 


African  trypanosomiasis 
Schistosomiasis 

Malaria 

falciparum 

malaria 


1/1 

1/1  9/15+60% 

"false  positives 

3/4 

1/1 


vivax  1/2 

Cutaneous  leishmaniasis  2/3 

(culture  positive) 


Cutaneous  leishmaniaiss  IFAT  reactivity  of  blind  controls 
during  assay  of  Ft.  Bragg  Sera  (14  Assays)* 


Serum 

category 

Normal 

Malaria 

Trypanosomiasis 
Helminthiasis 
Cutaneous  leishmaniasis 
*one  observer 


Positive/total 

tested 

11/34 

21/22  46/71  =  65% 

"false  positives" 

12/13 

2/2 

14/16  88%  sensitivity 


Table  17 

Cutaneous  leishmaniasis  IFAT  pre  and  post  Ft.  Sherman 


exposure  of  610  troops 

Number  of  reactive  sera:  Pre  exposure 

128 

(21%) 

Post  exposure 

134 

(22%) 

Conversion  rates:  Non  reactive  to  reactive 

76 

(12%) 

(11^^) 

Reactive  to  non  reactive 

70 

Remained  non  reactive 

406 

(67%) 

Remained  reactive 

58 

(10%) 

Total 

6T0 

Table  18 


Cutaneous  Leishmaniasis  IFAT 
Sensitivity  and  specificity  by  criterion  of  culture 


Serologic 

Conversion 

Culture 

+ 

total 

+ 

1  (10%)* 

75  (13%) 

76 

(12%) 

- 

9  (90%) 

525  (87%)** 

534 

(88%) 

total 

10 

600 

610 

♦Sensitivity  = 
♦♦Specificity 

=  10% 

=  87% 

immunogens  in  the  protection  of  man,  higher  primates,  and  ro¬ 
dents  against  subsequent  sporozoite  induced  malaria  infection. 
Recent  studies  at  this  and  other  institutes  have  demonstrated 
that  antisporozoite  immunity  is  T-cell  dependent.  Effector 
mechanisms  in  lymphocyte-parasite  interaction  are  not  known. 
Three  possible  mechanisms  are  being  studied. 

1.  The  direct  cytolysis  of  sprozoites  by  ^ecifically  sensi¬ 
tized  lyn^hocytes  is  investigated  by  the  direct  exposure  in  vitro 
of  sporozoites  to  splenocytes  which  have  been  isolated  from 
immune  mice.  After  incubation  with  lymphocytes,  the  sporo¬ 
zoites  are  inoculated  into  mice  to  determine  their  infectivity. 
The  protocol  for  this  experiment  is  being  validated  by  com¬ 
parison  to  51Cr-labelled  mastocytoma  target  cell  lysis  by  sen¬ 
sitized  splenocytes  under  identical  conditions. 

2.  The  possibility  for  direct  neutralization  of  sporozoites  by 
lymphokines  produced  by  sensitized  lymphocytes  is  being  in¬ 
vestigated  by  exposure  of  sporozoites  in  vitro  to  supernatants 
from  cultures  of  sensitized  lymphocytes  which  have  been  re¬ 
covered  from  immune  mice.  The  sporozoites  are  subsequently 
inoculated  into  mice  to  deter nune  tl>eir  infectivity. 

3.  The  mediation  of  phagocyte  activity  by  sensitized  lym¬ 
phocyte  is  being  studied  in  vivo.  Mice  are  immunized  against 
P.  berghei  sporozoites,  "Hepieted  of  their  phagocytic  cells  by 
treatment  with  silica,  and  challenged  to  determine  if  phago¬ 
cytic  cells  play  a  direct  role  in  effecting  immunity  to  sporo¬ 
zoites. 

Progress;  Preliminary  experiments  have  demonstrated  the 
feasibility  of  maintaining  freshly  isolated  P.  berghej  ^orozo- 
ites  in  vitro  at  37  C  in  Leibovitz -L-15  meJTum  with  l0%  heat 
inactivated  fetal  calf  serum  for  a  period  of  one  hour  without  a 
substantial  loss  of  their  infectivity.  ITie  same  medium-FCS 
system  can  readily  support  the  viability  of  mouse  splenocytes 
at  37  C  in  normal  atmosphere  for  periods  exceeding  72  hours. 
These  observations  have  allowed  study  of  CMl  to  sporozoites 
in  vitro  to  proceed.  A  series  of  five  experiments  were  con- 
Hucted  to  determine  if  immune  11  ALB/ c  mice  would  diminish 
sporozoite  infectivity.  Immune  or  normal  plates  at  a  con¬ 
centration  of  2  X  105  cells  per  ml  of  medium  at  37  C  for  24, 

48,  or  72  hours.  In  order  to  control  for  Uie  physical  changes 
in  the  aliquots  of  medium  without  cells  were  incubated  in 
microtiter  plates  concurrently  with  Uie  cell  cultures  and  in  Uiis 
report  will  be  referred  to  as  aged  meilium.  After  incubation 
supernatants  were  renu)ved  from  cell  cultures  and  sporozoites 
were  suspended  in  supernatants  from  sensitized  or  normal 
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cells  or  aged  medium  at  a  concentration  of  2  x  10^  sporozoites 
per  ml  of  supernatant  and  incubated  for  60  minutes  at  3 7 in  a 
water  bath.  After  incubation,  sporozoites  were  resuspended 
and  inoculated  into  female  BALE/  c  mice,  1  x  10**  sporozoites 
per  mouse.  Mice  were  bled  on  alternate  days  beginning  3  days 
post-inoculation  and  the  percentage  of  mice  successfully  in¬ 
fected  was  recorded.  The  results  were  compared  with  a 
control  group  of  mice  receiving  immediated  inoculation  of 
sporozoites  which  had  not  been  exposed  to  either  ceil  culture 
supernatants  or  aged  medium. 


Results  of  these  experiments  are  presented  in  Table  19.  As 
the  data  indicate,  the  results  of  Experiment  1  would  seem  to  in¬ 
dicate  that  supernatant  from  sensitized  cell  cultures  has  a 
deleterious  affect  upon  sporozoite  the  data  indicates  the  results 
obtained  in  experiment  1  would  seem  to  indicate  infectivity; 
however,  these  results  were  not  corroborated  by  further  ex¬ 
perimentation.  Within  any  given  experiment  there  is  little 
difference  between  the  infectivity  of  sporozoites  incubated  with 
supernatant  from  sensitized  cells,  normal  cells,  or  aged  medi¬ 
um.  Comparison  of  the  infectivity  of  incubated  sporozoites  with 
the  infectivity  of  sporozoites  that  were  inoculated  immediately 
demonstrates  that  there  is  some  loss  of  infectivity  due  to  main¬ 
tenance  of  the  sporozoites  in  vitro,  but  this  loss  does  not  appear 
to  be  significant  in  most  cases. 

Another  series  of  experiments  was  performed  to  determine 
if  direct  contract  with  sensitized  splenocytes  would  have  any 
effect  upon  the  infectivity  of  sporozoites.  Sporozoites  were  in¬ 
cubated  for  one  hour  at  37  C  with  either  sensitized  splenocytes 
or  normals  splenocytes  at  a  cell  to  sporozoite  ratio  of  50  to  1. 
After  the  incubation  period  the  sporozoites  and  splenocytes 
were  resuspended  and  inoculated  into  mice.  Since  it  was  not 
possible  to  separate  the  splenocytes  from  the  sporozoites  before 
inoculation,  each  mouse  received  5  x  10^  sensitized  or  normal 
splenocytes  along  with  lO'f  sporozoites.  In  order  to  control  for 
the  possibility  of  passive  transfer  of  immunity  by  the  splenocytes, 
other  groups  of  mice  were  inoculated  with  sporozoites  and  sen¬ 
sitized  splenocytes  or  sporozoites  and  normal  splenocytes  Uiai 
were  mixed  together  and  inoculated  immediately  without  pre-in¬ 
cubation.  Another  control  group  included  mice  which  received 
sporozoites  only  without  incubation.  Table  20  shows  Uie  percen¬ 
tage  of  mice  infected  in  each  group.  In  the  first  two  experiments 
performed  there  is  little  difference  in  groups  of  sporozoites  ex¬ 
posed  ^  vitro  to  sensitized  splenocytes  and  normal  splenocytes. 
Again  it  can  be  noted  that  incubation  in  vitro  did  decrease  the 
infectivity  of  sporozoites  somewhat  as  compared  to  sporozoites 
inoculated  immediately.  Additional  replicates  of  tliese  experi- 
ments  are  presently  being  conducted. 
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In  preparation  for  experiments  to  determine  the  role  of  phago¬ 
cytic  cells  in  the  immunity  to  sporozoites*  aprotocol  for  deple¬ 
tion  of  macrophage  by  silica  inoculation  has  been  established. 
Briefly  the  protocol  is  as  follows:  Mice  are  given  Z5  mgs  of 
colloidal  silica  iv  48  hours  prior  to  immunization  or  challenge  by 
by  sporozoites.  Twenty- four  hours  prior  to  immunization  or 
challenge  the  mice  are  given  an  additional  dose  of  3  mg  of  silica 
iv.  Mice  which  have  received  this  treatment  demonstrate  a 
significant  reduction  in  their  ability  to  clear  coUodial  carbon 
particles  from  their  circulation  as  conpared  to  mice  receiving 
no  silica  treatment  and  mice  receiving  either  IP  inoculation  of 
silica  or  iv  inoculation  of  silica  only.  This  protocol  will  be 
used  to  study  the  effects  of  phagocytic  cell  depletion  upon 
immunity  to  sporozoites. 

Discussion;  The  demonstration  of  the  importance  of  specifically 
sensitized  T- lymphocytes  in  antisporozoite  immunity  by  Spitalny, 
et  al.  (1977),  Chen,  et  al.  (1977),  and  Hockmeyer,  et  al.  (1978) 
has  left  open  the  question  as  to  the  exact  role  of  these  cells  in  pro¬ 
tection  against  sporozoites.  Several  roles  of  T-cells  in  immun¬ 
ity  to  various  microorganisms  are  known.  These  functions  in¬ 
clude  acting  as  helper  cells  in  the  production  of  antibody  by  B- 
cells,  the  production  of  lymphokines  which  ai'e  directly  cytotoxic 
for  microorganisms  or  activate  phagocytic  cells  to  destroy  mi¬ 
croorganisms,  and  the  direct  cytolysis  of  microorganisms  by 
T-cells  themselves.  Although  immune  animals  produce  anti¬ 
body  to  sporozoites,  the  demonstration  of  antisporozoite  im¬ 
munity  in  the  absence  of  detectable  antibody  (Spitalny  and 
Nussenzweig,  1972)  would  seem  to  indicate  that  he4)er  activity 
is  neither  the  only  nor  the  primary  role  of  T-cells  in  sporozoite 
immunity. 

Pi^ermaster,  et  al.  (1976)  demonstrated  the  m  viw  regres¬ 
sion  of  tumors  as  a  result  of  local  administration  of  supernat- 
ants  from  cultures  of  immune  cells,  and  Kanra  and  Vesikari 
(1975)  have  shown  cytotoxic  activity  against  rubella  infected 
cells  in  the  supernatants  of  rubella  virus  stimulated  human 
lymphocyte  cultures.  Present  experiments  have  failed  to 
demonstrate  the  production  by  immune  splenocytes  of  any 
soluble  factor  that  is  cytotoxic  for  sporozoites  under  the  ex¬ 
perimental  conditions  used.  Experiments  conducted  so  far 
have  likewise  failed  to  demonstrate  a  direct  cytotoxic  activity 
of  immune  splenocytes  against  sporozoites.  Since  only  two  ex¬ 
periments  have  been  conducted,  further  attempts  will  be  made 
to  demonstrate  a  direct  cytotoxic  effect.  Experimental  condi¬ 
tions  for  these  experiments  will  fir^be  established  using  im¬ 
mune  splenocyte  effector  cells  and  ^  CH-labeled  mouse  masto¬ 
cytoma  cells  as  targets.  Identical  conditions  will  be  used  to 


study  the  immune  splenocyte -sporozoite  cytolysis  system.  If 
immune  splenocytes  are  found  to  be  cytolytic  for  sporozites, 
experiments  will  be  repeated  using  T-cell  enriched  lymphocyte 
populations  as  effector  cells. 

Macrophages  can  participate  in  both  the  afferent  limbs  of  the 
immune  response  to  sporozites.  Macrophages  can  be  involved 
in  processing  antigen  for  presentation  to  T-cells  or  can  be  acti¬ 
vated  by  sensitized  T-cells  to  phagocytize  sporozoites.  Pri¬ 
mary  interest  at  this  point  is  in  determining  whether  or  not 
macrophages  are  active  in  effecting  the  immune  response  to 
sporozoites.  Preliminary  ej^eriments  will  determine  whether 
or  not  sensitized  animals  retain  their  immunity  to  sporozoite 
challenge  after  their  phagocytic  cell  pc^iulations  have  been  de¬ 
pleted  by  treatment  with  silica.  Definitive  experiments  will  de¬ 
termine  if  the  presence  of  phagocytic  ceUs  in  recipient  animals 
IS  a  prerequisite  of  successful  passive  transfer  of  immunity  to 
sporozoites.  '' 
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23.  (U)  The  objective  is  to  manage,  integrate,  and  provide  technical  direction 

both  a  contract  and  in-house  program  to  obtain  potentially  active  antlparasltic  a| 
for  military  use  through  rational  organic  syntheses. 

2A.  (U)  Necessary  research  areas  are  defined,  proposed  research  evaluated,  ongo 

research  guided,  evaluated,  and  Integrated  with  the  other  program  elements.  Techi 
advice  is  obtained  through  an  Ad  Hoc  Study  Croup  on  Medicinal  Chemistry.  Informal 
exchanged  by  contractors  through  technical  meetings. 

25.  (U)  77  10-78  09  Programs  for  the  synthesis  of  potentially  useful  antlleish 

manial  and  antitrypanosomal  agents  have  been  initiated.  The  synthetic  effort  for 
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Work  Unit  084  Synthesis  of  Antlparssltlc  Drugs 
Investigators: 

Principal:  Thomas  R.  Sweeney,  Ph.D. 

Associates:  COL  Craig  J.  Canfield,  MC;  MAJ  Robert  0.  Pick; 

Bing  T.  Poon,  Ph.D.;  Daniel  L.  Klayman,  Ph.D.; 
CPT  John  P.  Scovill,  Ph.D.;  Edgar  A.  Steck, 
Ph.D.;  Richard  E.  Strube,  Ph.D. 

The  Research  Contract  Chemical  Synthesis  Program 

During  this  reporting  period  there  were  13  contractual 
synthesis  programs  devoted  to  the  design  and  synthesis  of  new 
antlmalarial  agents.  Continuing  research  areas  that  are  based 
upon  biochemical  rationales  Include  the  synthesis  of  potential 
blood  schizontocidal  compounds  designed  to  inhibit  the  enzyme 
hypoxanthlne  phosphoribosyltransf erase,  thymldylate  s}mthetase 
end  dihydrofolate  reductase.  Other  research  efforts  are  based 
upon  improving  the  efficacy  and  reducing  the  toxicity  of  8- 
amlnoquino lines  and  8-amlnolepidines  as  potential  tissue  schi¬ 
zontocidal  agents.  Finally,  synthetic  development  of  leads  de¬ 
rived  from  patent  disclosures  is  also  in  progress. 

The  four  highly  active  classes  of  compounds  that  were  re¬ 
ported  last  year  as  emerging  from  the  synthesis  program,  viz. , 
5-aryloxy-6-methoxy-8-aminolepldines,  new  Mannich  bases  related 
to  amodlaqulne,  acridine  diones  and  Imlne  derivatives  of  acri¬ 
dine  diones,  have  been  vigorously  pursued.  One  8-amlnolepldlne 
has  been  selected  for  IND  preparation,  toxicity  studies  are  be¬ 
ing  carried  out  on  three  Mannich  bases  to  make  a  final  selection 
of  one  for  an  IND  preparation  and  the  synthesis  efforts  in  the 
other  two  areas  are  being  phased  out  because  a  selection  of  a 
representative  from  these  classes  for  an  IND  preparation  can  be 
made  as  soon  as  all  biological  testing  is  finished  and  results 
compiled.  It  is  anticipated  that  patent  applications  will  be 
filed  on  all  four  of  these  classes  of  drugs. 

One  area  of  research  was  dropped  during  the  year,  viz. , 
the  synthesis  of  compounds  designed  to  interfere  with  parasite 
phospholipid  synthesis  because  of  the  Inordinate  basic  chemical 
research  effort  required  to  arrive  at  desired  compounds. 
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A  modest  effort,  ^.e,  two  contracts.  Is  continuing  in  the 
synthesis  of  potential  antilelshmanial  agents.  This  effort  is 
confined  to  S-amlnolepldlnes ;  it  is  in  this  class  that  the  most 
active  antilelshmanial  compounds  to  date  have  been  uncovered . 

Three  new  contracts  were  let  during  the  year.  Two  of 
these  are  concerned  with  the  synthesis  of  nucleosides  as  po¬ 
tential  antitrypanosomal  or  antischistosomal  agents;  specifi¬ 
cally  the  target  compounds  are  based  upon  modification  of 
tubercldin  and  nucleocidin  both  of  which  were  reported  to  have 
antlparasitic  activity.  Finally,  a  very  small  effort  is  being 
devoted  to  the  synthesis  of  substituted  benzocarbazoles,  a 
class  of  compounds  possessing  antitrypanosomal  activity. 

The  Preparations  Laboratories 

The  two  preparations  laboratories  are  used  chiefly  to  re¬ 
synthesize  large  quantities  of  selected  compounds  that  are 
needed  for  clinical,  pharmacological,  or  large  animal  studies. 
On  occasion  they  may  make  a  large  quantity  of  an  intermediate 
that  would  be  generally  useful  in  the  synthesis  program. 

The  output  of  the  preparations  laboratories  is  summarized 
in  the  following  table.  It  should  be  recognized  that  some  of 
the  compounds  received  may  have  been  requested  in  an  earlier 
reporting  period  and  some  requested  in  this  period  will  not  be 
received  until  the  next  period. 

Target  Compounds 
Quantities  (g) 

-Pr  ~  77-78 _ >1000  100-1000  <100  Intermediates  Total 

Nximber  requested  5  16  28  10  59 

Number  received  3  13  18  16  50 

Data  Processing 
1.  Inventory 

The  new  chemical  inventory  system  is  fully  operational 
and  functioning.  Draft  documentation  has  been  prepared  and  de¬ 
livered.  The  shipping  cycle  is  run  every  third  working  day  and 
periodic  large  reports  generated  according  to  schedule. 


2 .  Chemistry 


The  new  chemistry  programs  have  been  tested  on  a  test  base 
and  appear  to  be  functional.  The  data  base  Is  about  70%  con¬ 
verted,  with  completion  scheduled  for  Spring  of  CY-1979. 

Search  programs  and  Integrated  chemistry-inventory  reports  will 
be  tested  on  the  Incomplete  data  base  early  In  FY-79.  Output 
from  these  tests  can  be  used  to  check  the  status  of  the  data 
base,  test  the  programs,  and  be  used  for  decisions  on  shipping 
samples  for  biologic  screening. 

Documentation  for  the  chemistry  system  Is  being  drafted 
and  should  be  completed  by  mid  FY-79.  On  line  editing  and 
correction  of  structures  for  the  data  base  Is  currently  being 
done  both  Inhouse  and  contractually. 

All  volatile  noxious  chemical  samples  were  specially 
sealed  to  reduce  odors  In  the  area  where  chemicals  are  stored 
and  handled. 

3 .  Biology 

Conversion  programs  for  biology  data  processing  are  nearly 
complete,  and  the  Integration  of  biology  processing  Inhouse 
with  chemistry  and  Inventory  Is  scheduled  for  the  Ist  quarter 
of  FY-79. 

Acquisition  of  Compounds 

The  following  table  summarizes  the  number  of  various 
classes  of  compounds  received  during  FY-78. 


Originals  Duplicates  Total 


Purchased 

123 

18 

141 

Gifts 

61 

29 

90 

Synthesized 

421 

183 

604 

Discreet 

3090 

813 

3903 

Prep  labs 

22 

41 

63 

Open  combinations 

5 

0 

5 

Discreet  combinations 

4 

0 

4 

Total 

3726 

1084 

4810 

Twelve  companies  submitted  compounds  under  the  no-dollar 
agreement  during  the  reporting  period.  Five  new  agreements 
were  signed  and  two  are  under  negotiation. 
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Organic  Synthesis  Laborator 


During  the  past  year,  the  most  striking  development  has 
been  the  discovery  that  many  of  the  2-acetylpyrldlne  thloseml- 
carbazones  which  have  been  synthesized  for  their  potential  antl- 
malarlal  properties  also  have  strong  Inhibitory  activity  against 
certain  bacteria.  Many  new  structures  have  been  designed, 
therefore,  with  both  antlmalarial  and  specific  antibacterial 
activities  In  mind. 

Over  30  new  thlosemlcarbazones  have  been  submitted  for 
antlmalarial  screening  over  the  past  year,  the  best  of  which  is 
compound  10.  The  latter  has 


shown  cures  in  mice  infected  v  ith  Plasmodium  berghel  at  a  dose 
as  low  as  20  mg/kg. 


At  WRAMC,  Dr.  Di'hek  ha*  noted  fair  antibacterial  activity 
In  a  select  group  of  J-ac 'tyl >yr idlne  thlosomicarbazones  against 
the  following  bacteria:  t  .«e»  doiiK'nas  aeruginosa .  Klebsiella 
pneumoniae.  Shigella  dysenter iae .  E.  coll,  and  Proteus  vulgaris. 
Higher  activity  was  seen  in  Croup  D  Enterococcus  where  com¬ 
pound  ^  had  an  MIC  (minimum  inhibitory  concentration)  of  1  yg/ml 


and  In  Staph,  aureus  where  group  of  2-acetylpyrldlne  thlosemlcar- 
bazone  Including  ^  had  MIC's  in  the  range  of  0.3  to  1  pg/ml. 

A  higher  level  of  In^  vitro  activity  of  2-acetylpyrldine 
thlosemlcarbazones  was  found  against  penicillin-sensitive  and 
resistant  strains  of  Neisseria  gonorrhoeae  (MIC's)  as  low  as 
£0.013  pg/ml) .  In  N.  meningitidis  MIC's  were  observed  in  the 
range  0.031-0.123  pg/ml  for  two  derivatives. 


The  effect  of  our  thlosemicarbazones  is  being  studied  on 
Mycobacter ium  smegmatis  at  Johns  Hopkins  University  inasmuch 
as  the  action  of  an  inhibitory  agent  is  believed  to  be  prog- 
nosticative  of  inhibition  against  M.  leprae .  The  following 
three  compounds  show  MIC's  of  <1  to  3  pg/ml; 


The  2-acetylpyridine  thlosemicarbazones  are  not  cross-resist- 
ant  with  the  antileprosy  drugs,  Rifampin,  Clofazimine,  DOS  or 
Thiacetazone.  It  is  anticipated  that  the  leprosy  mouse  foot¬ 
pad  test  will  be  run  at  C.D.C.,  Atlanta,  on  2  or  3  of  the 
active  compounds  in  early  1979. 

In  M.  intracellulare,  responsible  for  an  atypical  tu¬ 
berculosis,  the  most  potent  compound  (MIC  “  0.1  Pg/ml)  found 
In  tests  conducted  at  the  National  Jewish  Hospital  and 
Research  Center,  Denver,  is: 
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An  animal  model  la  being  refined  so  that  the  activity  of  this 
compound  can  be  further  explored. 

A  series  of  4-amino-2-methoxy-9-methylacrldine8  is  being 
aynthesized.  The  amino  group  is  being  substituted  with  bo> 
called  antlraalarlal  side  chains.  The  initial  compounds  are 
undergoing  testing  at  present. 

Studies  on  the  purification  of  antlradlatlon  agent, 

MR  2721,  have  led  to  an  Improved  recrystallizatlon  procedure 
which  gives  the  compound  as  a  stable  trlhydrato.  The  purity 
of  the  suitably  treated  MR  2721  appears  to  be  superior  to 
what  has  been  seen  heretofore. 

The  Isolation  and  determination  of  primaquine,  its 
analogs  and  metabolites  from  biological  systems  has  been 
studied  extensively  using  a  gas  chromatographic  technique. 
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23.  (13)  To  conduct  in-boiise  and  contrail  studies  In  biology  specifically  related  to 

the  design,  development  and  cnploltation  of  new  ant imalar la  Is  for  military  use  against 
drug  resistant  strains. 


24.  (U)  Close  supervision  will  be  maintained  by  providing  guidance  and  an  Integrated 

evaluation  of  productivity,  and  by  the  redirect  ton  and  coordination  of  objectives  as 
dictated  by  feedback  from  cliuical  studies  as  candidate  ant Imalarlals. 


25.  (11)  77  10  -  78  09.  ^tpproxiniately  9000  compounds  were  screened  for  suppressive* 

causal  prophylactic,  or  radical  curat iv**  ant imalarial  activity  In  animal  models  In- 
house  and  at  6  contractor  labor.itor Ics .  Approxlmatelv  500  had  activity.  Of  these, 
approximately  100  liave  been  selected  for  advanced  study,  including  15  which  are  being 
tested  against  human  malarias  in  Aotus  monkovs.  A  culture  svstem  for  evaluation  of 
candidate  drugs  against  drug  sensitive  and  drug  resistant  P.  falciparum  In  vitro  has 
been  established.  Activity  of  standard  diaigs  Indicates  that  results  of  this  test  are 
highly  predictive  of  activity  In  man.  A  new  class  of  8-am Inoqu Ino 1 ines  with  b  times 
the  tissue  schlzont ic Ida  I  activiiv  of  prima<|uiue  and  with  potent  blood  schlzonl Icidal 
activity  are  undergoing  preclinical  Invest  Igat  Ion.  la^r  technical  reports,  see  Walter 
Reed  Army  InstUvite  of  Keseai «  h  Annual  Progress  Report,  I  Oct  77-10  Sep  78. 
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Project  3M162770A803  MALARIA  PROPHYLAXIS 


Work  Unit  086  Biological  Evaluation  of  Antitnalarial  Drugs 
Investigators 

Principal:  LTC  David  E.  Davidson,  Jr.,  VC 
Associate:  MAJ  Robert  E.  Desjardins,  MC;  Gerald  J. 

McCormick,  Ph.D.;  Gloria  P.  Willet 

1.  Description 

Screening  and  testing  of  candidate  antimalarial  compounds  by 
Dept  of  Parasitology,  WRAIR,  and  by  contractor  laboratories 
under  technical  direction  of  Dept  of  Parasitology  has  continued 
at  a  somewhat  reduced  rate  compared  to  previous  years. 

2.  Progress 

a.  Blood  Schlzontlcidal  Testing: 

The  search  for  new  blood  schlzontlcidal  drugs  to  be 
used  for  prophylaxis  and  treatment  of  drug  resistant  falci¬ 
parum  malaria  in  man  continues.  Primary  screening  in  the 
mouse/Plasmodium  berghel  blood  schlzontlcidal  test  (University 
of  Miami)  is  being  conducted  at  a  rate  of  120  compounds  per 
week.  In  FY  78,  approximately  6000  compounds  were  tested. 

Nearly  500  compounds  exhibited  activity. 

Of  the  500  compounds  active  in  the  primary  mouse 
screen,  approximately  200  have  been  selected  for  further  test¬ 
ing  ^  vitro,  in  advanced  rodent  tests  and  in  primate  malaria 
models.  Nine  compounds  have  exhibited  sufficient  promise  of 
potential  clinical  utility  to  have  been  selected  for  pre- 
cllnlcal  testing  in  the  Aotus  monkey/  Plasmodium  falciparum 
model,  and  testing  has  been  completed  on  9.  Schlzontlcidal 
testing  in  the  rhesus  monkey /Plasmodium  cynomolgl  model  has 
been  suspended  due  to  non-availability  of  test  animals. 

b.  Tissue  Schlzontlcidal  Testing 

The  search  for  better  causal  prophylactic  and  radical 
curative  antimalarial  drugs  continues.  Primary  screening  is 
performed  at  a  rate  of  45  compounds  per  week  in  the  mouse 
model  utilizing  sporozoite-induced  P.  berghei  yoelli  malaria. 
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potency  against  the  strain  of  falciparum  to  be  evaluated. 
Manually  25  pi  of  the  medium  containing  compound  Is  added  to 
duplicate  wells  In  Row  B  of  the  mlcrotlter  plate.  An  auto¬ 
matic  dlluter  (Cooke  Laboratory  Products)  Is  then  used  to  make 
serial  2-fold  dilutions  from  Row  B  through  Row  H  of  the  mlcro¬ 
tlter  plate.  This  results  In  a  64-fold  range  of  concentra¬ 
tions  with  duplicate  columns  for  each  compound.  Finally,  200 
pi  of  culture  medium  with  ''<1.5%  RBC  (type  A  or  type  0)  with 
0. 5-1.0%  parasitemia  Is  added  to  each  well  except  wells  A9- 
A12.  To  these  wells  a  similar  suspension  of  parasite-free 
RBC's  is  added.  Row  A  (wells  1-8)  then  serves  as  drug-free 
parasite  control  wells,  and  Row  A  (wells  9-12)  serves  as  drug- 
free  RBC  control  wells.  After  addition  of  the  200  pi  of  RBC's 
In  medium,  the  highest  concentration  of  ethanol  Is  less  than 
0.1% — a  concentration  we  have  demonstrated  to  have  no  effect 
on  parasite  growth  and  replication. 

The  plates  are  then  preincubated  for  24  hours  in  a  re¬ 
duced  oxygen  enhanced  carbon  dioxide  atmosphere  at  37°C  as  de¬ 
scribed  In  the  forementloned  publication.  Finally  25  pi  of  cul¬ 
ture  medium  containing  20  pC^ /ml  of  %-hypoxanthlne  la  added  to 
each  well  and  the  plate  Incubated  as  above  for  an  additional  18 
hours . 


After  the  18  hour  isotope  pulse  the  96  well  plates  are 
harvested  on  an  automated  harvester  (MASH  II  -  Microblologic 
Associates),  each  well  being  washed  copiously  with  distilled 
water.  This  device  deposits  the  particulate  contents  of  each 
well  on  a  3  mm  fiberglass  disk  which  is  in  turn  placed  in  a 
scintillation  vial  with  5.0  ml  of  Hydromix^  for  counting 
(Searle  -  Model  Delta  300  Scintillation  Counter) . 

3) .  Data  Analysis 

A  teletype  punch  tape  records  the  data  for  sub¬ 
sequent  reading  and  analysis  by  a  table-top  programmable  cal¬ 
culator  (Tektronix  Model  4051) .  The  duplicate  data  for  each 
compound  are  then  fit  by  nonlinear  regression  techniques  to  a 
logistic-logarithmic  regression  model  to  generate  an  estimate 
of  the  ED-50  with  95%  confidence  limits,  i.e., 

Y  -  (U  -  L)  [1  +  tan  h  (B  log  C  -  6  loc  X]  +  L 
2 

Where  Y  -  DPM,  X  «•  concentration,  U  =  upper  limit  of  function, 

L  -  lower  limit  of  function,  6  »  slope  of  the  tangent  function, 
and  C  “  ED-50. 


To  date,  approximately  20  different  compounds  have 
been  evaluated  against  four  different  strains  of  P^,  falciparum. 
The  known  anClmalarlals,  chloroquine,  mefloquine  and  quinine, 
have  been  repeatedly  tested  against  the  Uganda  I  (chloroqulne- 
sensltlve)  and  Smith  (chloroquine-,  quinine-,  and  pyri¬ 
methamine-resistant)  strains  of  P.  falciparum. 

4) .  Results 


Tables  1-3  show  results  obtained  with  a  number  of 
antlmalarlal  compounds  tested  against  the  Uganda  I  and  Smith 
strains.  Sample  graphs  generated  by  the  Tektronix  4051  Graphics 
Calculator  System  are  also  Included  In  Figures  1-6.  Two 
sulfonamides  were  Ineffective,  presumably  because  of  the 
presence  of  abundant  PABA  and  folic  acid  in  the  medium  we  are 
now  using. 


We  have  also  demonstrated  the  ability  of  the  system 
to  detect  and  quantify  the  antlmalarlal  activity  in  the  plasma 
of  a  patient  treated  with  chloroquine  though  this  data  Is  also 
being  further  evaluated. 

5) .  Plans 


We  Intend  to  develop  this  system  further  along  the 
following  lines: 

1)  .  Optimization  of  initial  parasite  load  In  the  36 
hour  Incubation  and  18  hour  pulsing  period. 

2) .  Alteration  of  the  medium  (reduction  of  PABA  and 
folic  acid  content)  to  extend  the  range  of  utility  to  include 
other  potentially  useful  antlmalarlals. 

3) .  Determination  of  the  pharmacokinetics  of  parent 
compounds  by  chemlpal  analysis  and  parallel  measurements  of 
plasma-associated  antlmalarlal  activity  for  drugs  in  current 
stages  of  clinical  and  precllnlcal  development  using  human 
volunteers  and  laboratory  animals.  This  will  establish  the 
Identity  or  non-identity  of  the  parent  coi..,oound  as  the  active 
antlmalarlal  ^  vivo. 

4) .  Use  of  In  vitro  human  liver  microsome  prepara¬ 
tions  (obtained  from  transplant  donors)  to  evaluate  potentially 
useful  metabolites  of  known  and  potential  antlmalarlals. 


5) .  Extension  of  present  results  with  other  strains 
of  P.  falciparum  with  known  sensitivities  and  resistance  (e.g., 
Ethiopian  Tamenle,  Cambodian  Buchanan  and  possibly  Vietnam 
Marks) . 

14 

6)  .  Incorporation  of  a  second  tracer  (probably  C- 
amlno  acid)  In  the  system  adapted  to  dual  label  counting.  This 
will  Involve  very  little  additional  technical  work  and  will 
potentially  extend  the  range  of  utility  In  detecting  antl- 
parasltlc  activity  (specifically  with  regard  to  mechanism  of 
drug  action) . 

7) .  Finally,  with  the  automation  of  the  system.  It 
Is  proposed  that  this  could  serve  as  a  potential  primary  screen 
for  new  candidate  antlmalarlals  yielding  Information  on  po¬ 
tential  activity  against  both  sensitive  and  resistant  strains 
of  the  parasite. 

6) .  Discussion 

The  feasibility,  potential  output  and  utility  of 
this  system  to  the  Antlmalarlal  Drug  Development  Program  are 
clear.  The  ability  of  the  system  to  detect  nanogram  quantities 
of  active  antlmalarlal  drugs  in  human  plasma  and  the  potential 
for  use  of  ^  vitro  mlcrosome-generated  metabolites  greatly  ex¬ 
tend  the  potential  of  the  system  beyond  that  of  a  simple 
In  vitro  assay.  *The  highly  quantitative  and  reproducible 
nature  of  the  data  generated  are  also  significant.  In 
addition,  as  a  research  tool,  the  culture  system  offers  many 
opportunities  to  study  the  biochemistry  of  the  parasite  in  re¬ 
lation  to  various  pharmacologic  manipulations.  Considerable 
effort  should,  therefore,  be  directed  toward  further  develop¬ 
ment  of  this  ^n  vitro  antlmalarlal  assay  system. 


o 

Table  1;  Suppression  of  Incorporation  of  H-Hypoxanthlne  In 
Cultures  of  Two  Strains  of  P.  falciparum  by  Antl- 
malarlal  Quinolines 


3 

Suppression  of  Uptake  of  H-Hypoxanthlne: 
Drug  EDjq  (ng/ml)  +  S.D.* 


Chloroqulne 

9.5  +  0.78 

(n  -  12) 

182.0  + 

23.37 

(n  -  12) 

Quinine 

36.1  +  5.57 

(n  ■  9) 

108.6  + 

8.45 

(n  -  9  ) 

Amodlaqulne 

9.8  +  0.45 

(n  -  2) 

23.7  + 

5.15 

(n  -  2  ) 

Mefloquine 

6.7  +  1.00 

(n  -  12 

7.8  + 

1.54 

(n  -  12) 

Mean  +  standard  deviation  of  the  mean;  n  *  number  of 
replications 


3 

Table  2:  Suppression  of  Incorporation  of  H-Hypoxanthine  in 
Cultures  of  Two  strains  of  P.  falcipariun  by  Sulfa¬ 
diazine  and  Two  Antifolates. 


3 

Suppression  of  Uptake  of  H-Hypoxanthine: 
EDjq  (ng/mg)  +  S.D.* 


Pyrimethamine 
WR  158,122** 
Sulfadiazine 


African  Uganda  I 
5.1  (n  -  1) 

52.0  +  16.7  (n  =  2) 
>138  (n  -  1) 


Vietnam  Smith 
1500  (n  -  1) 
>138  (n  -  2) 
>138  (n  -  1) 


* 

Mean  +  standard  deviation  of  the  mean;  n  ■  number  of 
replications. 


** 


WR  158,122;  A  2,4-dlamlno-6-substltuted-qulnazollne. 


Table  3 


Suppression  of  Incorporation  of  H-Hypoxanthlne  In 
Cultures  of  TWo  Strains  of  jP.  Falciparum  by 
Candidate  Antlmalarlal  Drugis 


Suppression  of  Uptake  of  H-Hypoxanthlne 
ED  (ng/ml)  +  S.D.* 


African  Uganda  1 


Vietnam  Smith 


Primaquine 


Mean  +  standard  deviation  of  the  mean;  n  number  of 
replications 


WR  184,806:  A  4-quinollnemethanol 


WR  180,409:  A  2,6-disubstituted-4-pyridlnemethanol 


VR  172,435:  A  2,6-disubstituted-4-pyridinemethanol 


Figure  1:  Suppression  of  H-HypoxanChlne  Incorporation  In  Uganda  I  Strain  of  P^.  falciparum 

by  Chloroqulne 
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Figure  6:  Suppression  of  H-Hypoxanthlne  Incorporation  in  Sad.th  Strain  P.  falclpanm 
93e80-r  by  Mefloquine  — — r 
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23.  (U)  The  technical  objectives  are  to  develop  and  exploit  animal  models  for  the  study 
of  the  pharmacodynamic  and  toxic  effects  of  drugs  Intended  for  use  as  antimalarials  in 
man.  The  Intended  purposes  of  these  studies  are  to  provide  a  basis  for  predicting 
human  response  and  to  fulfill  requirements  for  submission  of  IND  for  clinical  trials  of 
new  antimalarlals  for  military  personnel  In  malarious  areas. 

24.  (U)  The  approach  Is  to  study  both  the  effects  of  antimalarlal  drugs  on  healthy  ani¬ 
mals  and  the  fate  of  these  drugs  In  healthy  animals  In  order  to  predict  the  human  tol¬ 
erance  to  new  drugs  (Phase  I).  The  handling  of  antimalarlal  drugs  by  diseased  animals 
Is  being  studied  to  determine  the  effects  of  malaria  upon  pharmacokinetics.  This  is  In 
order  to  predict  the  tolerance  of  new  antimalarlal  drugs  In  human  efficacy  studies 
(Phase  II). 

25.  (U)  77  10  -  78  09  Technical  management  continued  for  11  contracts  In  pharmacology . 
One  new  IND  application  and  15  supplements  were  written.  Cardiorespiratory  evaluation 
of  WR  194,965  In  dogs  suggest  that  the  negative  chronotropic  effect  may  be  mediated  In 
part  by  the  autonomic  nervous  system.  Validation  was  made  of  the  high  pressure  liquid 
chromatography  method  using  normal  mobile  phase  for  3  antimalarlals  and  blood  levels  of 
antimalarlal  drugs  were  determined  for  over  1000  clinical  samples.  Pharmacokinetic 
studies  have  been  carried  out  In  healthy  human  volunteers  using  2  antimalarlals.  Tissue 
distribution  and  pharmacokinetic  studies  were  carried  out  In  mice  using  3  radiolabeled 
antimalarlals.  For  technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual 
Progress  Report,  1  Oct  77  -  30  Sep  78. 


Project  3M162770A803  MALARIA  PROPHYLAXIS 

Work  Unit  087  Determination  of  pharmacological  effects  of  anti- 
malarial  drugs 
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SP4  D.  Bounds,  SP4  M.  Abdelrahim,  SP5  J.  Osuch, 
D.  Battle,  SP5  P.  Egan,  SP5  H.  Stampfli 

1.  Description. 

Pharmacological  investigations  carried  out  by  the  department 
continue  in  two  broad  overlapping  areas.  One  is  the  effect  of 
the  body  or  system  on  the  drug,  i.e.,  absorption,  distribution, 
biotransformation  and  excretion.  The  second  is  the  effect  of 
the  drug  on  the  body  or  system,  i.e.,  pharmacodynamics.  In 
addition,  continuation  of  the  development  and  utilization  of 
sensitive  assay  methods  for  several  of  the  new  antimalarial 
drugs  was  emphasized. 

2.  Development  of  a  multicomponent  mobile  phase  for  the  HPLC 
analysis  of  candidate  antimalarial  agents. 

a.  Background: 

Currently  high  pressure  liquid  chromatography  (HPLC)  is 
the  most  successful  method  of  analysis  of  candidate  antimalarial 
agents  in  biological  samples. 

The  HPLC  system  is  useful  only  if  the  components  of  the 
chromatogram  can  be  separated  into  distinct  peaks  which  can  be 
quantitated.  In  this  system  of  chromatography  the  column 
remains  stabilized  and  the  mobile  phase  is  altered  until  proper 
peak  separation  is  achieved.  Alterations  in  the  composition  of 
most  two-part  normal  phase  systems  will  induce  changes  in  the 
retention  of  both  the  antimalarial  peak  and  the  internal 
standard  peak.  Therefore,  even  though  the  antimalarial  peak 
and  the  internal  standard  peak  can  be  affected  by  a  change  in 
the  mobile  phase,  it  may  not  be  possible  to  separate  the 
individual  peaks.  The  addition  of  another  component  to  the 
mobile  phase  system  makes  possible  the  simultaneous  separation 
of  the  chromatographic  oeaks. 
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The  candidate  antlmalarlal  compound,  WR  180,409*H3P04 
( DL- threo-a- ( 2-p1 per 1 dyl ) -2- tr 1 f 1 uoromethyl -6-(4-tr1 f 1 uoromethyl- 
pheny1)-4-pyr1d1nemethano1  phosphate)  and  its  internal  standard, 
MR  184,806*H3P04  (DL-2,8-bis(trifluoromethyl )-4-n-hydroxy-3- 
(N-t-butylamino)propy1]-quinoline  phosphate)  when  extracted  from 
bioTogical  fluids,  are  insoluble  in  reverse  phase  HPLC  solvent 
systems.  Therefore,  they  must  be  chromatographed  using  normal 
phase  solvent  systems.  Blood  extracts  of  these  lipid  soluble, 
hydrophobic  antimalarials  possess  considerable  interference 
patterns  when  chromatographed  using  "conventional"  binary  normal 
phase  solvent  systems.  The  blood  protein  interference  fraction 
can  sometimes  be  overcome  by  changing  solvent  strengths  of  a 
binary  mixture  or  by  selecting  an  alternate  solvent.  Changing 
solvent  strength  with  respect  to  these  antimalarials  induces 
undesirable  peak  selectivity. 

The  manipulation  of  a  mobile  phase  to  control  separation 
and  retention  of  selected  peaks  represents  the  optimum  capacity 
of  an  HPLC  solvent  system.  A  mobile  phase  system  which  has 
been  developed  to  control  selectivity  and  retention  of  two 
candidate  antimalarials  is  presented. 

This  versatile  multicomponent  mobile  phase  system  can  be 
utilized  to  analyze  Walter  Reed  compounds  WR  180,409,  WR  184,806 
and  WR  142,490.  This  mobile  phase  system  was  employed  to 
analyze  WR  142,490*HC1  and  WR  142,490*CH3S03H  levels  in  human 
blood  samples  collected  from  the  clinical  laboratories.  During 
the  past  year  more  than  1000  human  clinical  samples  have  been 
analyzed  for  blood  levels  of  mefloquine. 

b.  Materials  and  methods: 

The  solvents  hexane,  ethylene  dichloride,  acetonitrile, 
and  methanol  were  UV  spectrograde  (Burdick  and  Jackson  Labora¬ 
tories,  Inc.).  McGaw  Laboratory  sterile  water  for  injection 
was  used  as  a  modifier,  as  well  as  reagent  grade  88?  formic 
acid  (Msher  Scientific  Co.).  The  drug,  WR  180, 409 *83804,  and 
its  internal  standard,  WR  184,806*H3P04.  were  assayed  at  98T 
purity.  The  drug  solutions  were  made  as  the  salts  and  all 
concentrations  were  expressed  as  the  free  base.  Chromatographic 
separation  was  accomplished  using  a  vi  Bondapak  CN  column  (Waters 
Associates,  Inc.)  jacketed  with  a  temperature  control  block 
(Waters  Associates,  Inc.).  A  temperature  control  water  bath 
was  utilized  to  maintain  all  mobile  phase  systems  at  a  constant 
temperature  of  25.0  +  O.S^C.  A  Waters  Associates  Model  6000A 
solvent  delivery  system,  U6K  injector  and  Model  440  UV  absor¬ 
bance  monitor  with  280  nm  filter  completed  the  high  pressure 
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liquid  chromatography  system.  An  Omniscribe  (Houston  Instru¬ 
ments)  single  channel  recorder  was  used. 

All  injections  were  made  with  either  a  25  m1  or  a 
100  ul  precision  sampling  syringe  (Altech  Associates).  Filtra¬ 
tion  of  solvent  mixtures  was  conducted  using  two  methods: 
qualitative  filter  paper  (Schleicher  and  Schuell,  Inc.);  and 
solvent  clarification  kit  (Waters  Associates)  utilizing  a 
0.5  pm  pore  size  organic  solvent  filtration  disk. 

The  major  and  minor  components  of  the  mobile  phase 
systems  were  prepared  in  the  ratios  indicated  in  Table  1. 

After  the  solutions  were  prepared,  a  water:formic  acid  solution 
(50:50  v/v)  was  added  to  the  mixtures  sufficient  to  saturate 
each  mobile  phase  system  at  25.0OC.  The  solutions  were 
filtered  using  qualitative  filter  paper  followed  by  the  solvent 
clarification  kit  and  placed  in  a  temperature  control  water 
bath  maintained  at  25.0  +  0.5OC.  Sufficient  column  volumes  of 
mobile  phase  were  utilized  to  achieve  retention  reproducibility 
on  repeated  injections.  Standard  solutions  of  WR  180,409*H3P04 
and  WR  184,806*H3P04  were  prepared  in  methanol.  The  flow  rate 
of  the  solvent  delivery  system  was  maintained  at  2  ml/min  and 
the  chart  speed  was  set  at  1.25  cm/min.  The  volume  of  injec¬ 
tion  for  the  standard  solutions  was  5  ul . 

In  order  to  achieve  statistical  evaluation,  4  repeti¬ 
tions  of  all  procedures  were  conducted.  The  calculations  for 
capacity  (K')  or  retention  as  well  as  selectivity  (a)  were 
determined  using  standard  equations.  The  peak  area  was 
obtained  from  the  product  of  the  maximum  peak  height  (cm)  anu 
the  width  at  peak  half-height  (cm).  Peak  areas  were  plotted 
against  actual  concentrations  in  the  standard  curve  determina¬ 
tions. 

The  blood  extract  was  prepared  by  spiking  5  ml  blood 
samples  with  50  ul  of  an  equimolar  concentration  of  the  anti- 
malarial  drug  and  its  internal  standard.  The  blood  sample 
was  then  mixed.  Five  ml  of  pH  7.4  phosphate  buffer  were  added 
followed  by  10  ml  of  ethyl  acetate.  The  sample  was  then  mixed 
for  30  min  whereupon  it  was  centrifuged  for  10  min.  The  ethyl 
acetate  layer  was  removed  and  evaporated  to  dryness  using  a 
water  bath  evaporator.  Additional  ethyl  acetate  was  added  to 
the  blood  layer  and  the  procedure  was  repeated  two  additional 
times.  The  sample  was  reconstituted  in  500  ul  of  the 
corresponding  mobile  phase;  50  ul  of  the  sample  was  injected 
and  chromatographed. 


c.  Results: 


The  manipulation  of  selectivity  of  the  column  and  reten¬ 
tion  of  candidate  antimalarlals  using  Isocratic  conditions  Is 
readily  observed  In  Figure  1.  Alterations  In  the  ratio  of  the 
major  components,  ethylene  d1 chloride  and  hexane.  Induced 
significant  changes  In  retention  (K')  of  the  antimalarlal  and 
Its  Internal  standard  as  shown  In  Parts  A  and  B  of  Figure  1. 

The  addition  of  various  concentrations  of  the  minor  component, 
acetonitrile,  significantly  altered  the  selectivity  of  the 
column  as  Illustrated  In  Parts  C,  D,  E  and  F  of  Figure  1. 

The  acetonitrile-induced  alterations  In  selectivity  of 
the  column  with  respect  to  varying  ratios  of  the  major  compo¬ 
nents,  ethylene  dichloride  and  hexane,  are  presented  in  Table  2. 
With  alterations  In  the  ethylene  dichlorlde/hexane  ratio  the 
selectivity  appears  to  have  a  non-linear  relationship  with 
respect  to  various  acetonitrile  concentrations. 

Alterations  In  the  ratio  of  major  components  led  to 
shifts  In  polarity  related  to  the  equation  P  =  .01  (Ta  Pa  + 

Xb  Pb  +  ic  Pc),  where  %a,  %b  and  %c  are  the  percent  of  ethylene 
dichloride,  hexane  and  acetonitrile  respectively  In  the  mixture, 
while  Pa,  Pb  and  Pc  are  polarity  (solvent  strength)  of  ethylene 
dichloride,  hexane  and  acetonitrile  respectively.  A  linear 
relationship  can  be  derived  from  this  equation  as  Illustrated 
In  Figure  2. 

The  ability  to  manipulate  selectivity  and  retention  is 
useful  for  the  analysis  of  blood  extracts.  Protein  fractions 
extracted  from  blood  along  with  the  candidate  antimalarials 
cause  considerable  interference  which  may  be  overcome  by 
altering  solvent  strength.  When  the  antimalarlal  peaks  were 
separated  from  the  interference,  alteration  in  the  minor  com¬ 
ponent,  acetonitrile,  caused  an  increase  in  selectivity, 
thereby  optimizing  the  separation  as  is  demonstrated  in 
Figure  3. 

I 

Alterations  in  the  components  to  optimize  separation 
had  no  effect  on  linearity  of  the  standard  curve,  as  shown  in 
Figure  4.  In  4  significantly  different  mobile  phase  systems, 
the  standard  curves  did  not  deviate  from  linearity.  Means  and 
standard  deviations  are  given  in  Table  3. 
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d.  Discussion; 

Alterations  In  the  ratio  of  major  components  of  the 
solvent  system,  ethylene  d1 chloride  and  hexane.  Induce  a 
shift  In  the  equilibrium  equation;  Xm  -*■  n  Sads  t  Xads  +  n  Sm. 

In  this  equation,  Xm  and  Xads  represent  candidate  antimalarlal 
molecules  In  the  mobile  phase  and  the  adsorbed  sti^te  respec¬ 
tively.  Free  mobile  phase  molecules  of  ethylene  dichloride 
and  hexane  are  represented  by  Sm  while  the  mobile  phase 
molecules  adsorbed  on  the  surface  are  represented  by  Sads. 

The  number  of  adsorbed  solvent  molecules,  n,  must  be  displaced 
by  the  adsorption  of  the  candidate  antimalarial ,  X.  When  the 
solvent,  ethylene  dichloride  and  hexane.  Interacts  strongly 
with  the  surface  sites,  the  equilibrium  is  shifted  to  the  left 
and  the  candidate  antimalarials  remain  in  solution  and  capacity 
(K*)  decreases.  Under  ideal  conditions,  this  equation  Is 
functional  for  alterations  in  the  major  components  of  the  mobile 
phase  (Figure  1:  Parts  A  and  B).  The  development  of  a  tertiary 
mobile  phase,  with  the  addition  of  acetonitrile,  may  invalidate 
the  above  equilibrium  equation. 

An  alteration  in  column  selectivity  was  observed  with 
small  additions  of  the  minor  component,  acetonitrile.  Although 
the  addition  of  acetonitrile  induced  Insignificant  alterations 
In  polarity  (Figure  2)  which  may  be  responsible  for  minor  shifts 
In  the  retention  of  peak  I  (Figure  1:  Parts  C,  D,  E  and  F), 
these  minor  alterations  in  polarity  may  not  be  responsible  for 
the  significant  alterations  in  peak  II  (Figure  1:  Parts  C,  D, 

E  and  F). 

The  column  selectivity  changes  observed  in  Table  2  demon¬ 
strate  the  significance  of  small  additions  of  the  minor  compo¬ 
nent,  acetonitrile,  in  the  ability  to  achieve  ideal  separations 
of  these  candidate  antimalarlal  compounds. 

The  selectivity  alterations  observed  in  Table  2  could 
hive  been  caused  by  other  variables.  A  great  influence  of  small 
increases  of  water  and  temperature  on  retention  has  been  demon¬ 
strated.  The  water  and  formic  acid  content  were  stabilized  by 
saturation  at  constant  temperature  and  therefore  assumed  to 
remain  constant.  The  formic  acid  was  used  in  addition  to  water 
to  deactivate  the  column  and  to  prevent  peak  tailing.  With 
these  variables  controlled,  the  acetonitrile  appears  to  be  the 
only  component  which  could  be  causing  the  alterations  demon¬ 
strated  In  Figure  1  and  Table  2. 
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The  flexibility  of  this  mobile  phase  system  Is  demon¬ 
strated  In  Figure  3.  Since  protein  fractions  from  blood 
extracts  create  considerable  chromatographic  Interference,  the 
manipulation  of  major  components  (ethylene  dichloride  and 
hexane)  Isolated  the  antimalarlal  and  the  Internal  standard 
fraction  while  simultaneous  concentration  changes  of  the  minor 
component,  acetonitrile,  effected  separation  of  the  antimalarlal 
from  the  Internal  standard.  The  ability  to  selectively  control 
retention  of  the  antimalarlal  and  Its  Internal  standard  facili¬ 
tates  the  evaluation  and  quantitation  of  the  resulting  chroma¬ 
tograms. 

Although  significant  changes  In  column  selectivity  are 
Induced  by  the  alteration  of  mobile  phase  systems,  the  standard 
calibration  curves  (Figure  4)  remained  linear  over  a  wide 
range  of  mobile  phase  systems.  The  maintenance  of  linearity  of 
the  corresponding  calibration  curve  enables  the  use  of  simple 
linear  regression  plots  In  the  quantitative  analysis  of  the 
selected  candidate  antimalarlal. 


3.  Validation  of  the  quantitation  of  mefloquine  In  human  whole 
blood  samples. 


Background; 


Mefloquine  (WR  142,490)  is  currently  the  most  promising 
drug  for  the  treatment  of  resistant  strains  of  malaria.  Various 
drug  formulations  of  mefloquine  have  been  developed  and  bio¬ 
availability  investigations  are  currently  underway.  The 
validity  of  these  bioavailability  experiments  are  dependent  to 
a  significant  extent  upon  the  accuracy  and  precision  of  the 
analytical  method  for  mefloquine. 

A  high  pressure  liquid  chromatography  method  of  analysis 
was  developed  in  this  laboratory  and  was  modified  to  incorporate 
a  multicomponent  mobile  phase.  A  validation  of  this  technique 
was  conducted  during  the  past  year  and  is  described  In  this 
annual  report. 

b.  Materials  and  methods; 

The  candidate  antimalarials,  mefloquine*HCl  (WR  142, 490- 
HCl,  Lot  AS)  and  the  internal  standard,  WR  184,806-H3P04,  Lot 
AJ,  were  assayed  at  98. 8T  and  98. 2T  purity,  respectively.  All 
solvents  were  of  spectral  quality  and  utilized  as  purchased 
from  Burdick  and  Jackson  without  further  purification.  The  salt 
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form  of  each  compound  was  dissolved  in  methanol  for  the  produc¬ 
tion  of  stock  solutions.  All  concentrations  are  expressed  as 
the  free  base  form. 

A  Waters  Associates  High  Pressure  Liquid  Chromatograph 
(HPLC)  equipped  with  a  280  nm  ultraviolet  absorbance  monitor 
was  utilized  to  assay  drug  standards  and  ethyl  acetate  extracts 
of  blood  samples.  Standards  and  blood  extracts  were  chromato¬ 
graphed  in  a  Waters  Associates  microbondapak  CN  column.  A 
mobile  phase  composed  of  two  major  components,  hexane  and 
ethylene  dichloride,  one  minor  component,  acetonitrile,  and  two 
trace  modifiers,  water  and  88%  formic  acid  was  adjusted  to 
generate  optimal  chromatographic  separations  as  described  in 
Section  2  of  this  Annual  Report. 

Standard  solutions  of  the  candidate  antimalarial , 

WR  142,490‘HCl,  Lot  AS,  and  its  internal  standard,  WR  184,806' 
H3PO4,  Lot  AJ,  were  made  in  methanol  and  chromatographed 
directly.  Standard  biological  WR  142,490  solutions  were 
produced  in  outdated  whole  "blood  bank"  blood.  Small  quantities 
of  methanol  solutions  of  WR  142,490  were  added  directly  to  the 
blood  samples  by  means  of  a  Precision  Instruments  microsyringe. 
The  blood  sample  was  shaken  for  30  min  on  a  shaker  bath  to 
insure  uniform  distribution. 

The  blood  samples  were  either  processed  immediately  or 
stored  under  frozen  conditions.  The  general  assay  procedure  is 
outlined  in  the  flow  diagram  in  Table  4. 

c.  Results  and  discussion: 

The  detennination  of  the  precision  of  an  analytical 
system  can  best  be  achieved  through  the  use  of  a  combined  or 
"pooled"  sample.  In  this  procedure  the  compound  to  be 
analyzed  is  added  to  the  entire  biological  sample  and  is  mixed 
thoroughly  for  uniform  distribution.  Ultimately  each  aliquot 
of  the  entire  biological  sample  should  contain  the  same  amount 
of  compound  per  unit  of  sample.  The  statistical  notations  and 
abbreviations  used  are  indicated  as  follows: 

X  +  Sm  *  statistical  mean  +  standard  deviation  of  the  mean 

S  =  standard  deviation 

CV  *  coefficient  of  variation  =  ^  (100) 


%  Error 


calculated  concentration  -  actual  prepared 

_  concentration _ _ 

actual  prepared  concentrat'lon 


Results  of  analyses  of  replicate  "unknowns"  produced 
from  a  pooled  sample  of  WR  142,490  (concentration  of  WR  142,490 
in  whole  blood  unknown  to  the  technician)  are  shown  in  Table  5. 

These  results  suggest  that  there  is  no  significant 
difference  in  precision  and  accuracy  between  whole  blood  samples 
which  were  maintained  at  room  temperature  and  those  which  were 
frozen  and  then  thawed  before  analysis. 

Two  sets  of  spiked  blood  samples  were  analyzed  in  a 
manner  which  would  simulate  the  human  clinical  sample  as  closely 
as  possible.  5.0  ml  aliquots  of  outdated  human  bank  blood  were 
pipetted  into  "Corex"  round  bottomed  centrifuge  tubes.  The 
blood  aliquots  were  individually  spiked  with  the  stock  methanol 
solutions  of  mefloquine.  The  volume  of  the  stock  solution  which 
was  added  to  each  aliquot  of  blood  never  exceeded  0.30  ml;  how¬ 
ever,  in  the  calculation  of  the  actual  concentration  a  volume 
correction  was  always  included.  Results  of  analyses  of 
individually  prepared  WR  142,490  spiked  blood  samples  are  given 
in  Table  6. 

The  results  of  pooled  blood  samples  as  well  as  individ¬ 
ually  spiked  blood  samples  suggest  that  the  present  high 
pressure  liquid  chromatography  procedure  is  accurate  to  +  8% 
at  mefloquine  concentrations  greater  than  0.150  ug/ml  anJ 
accurate  to  approximately  +  20%  at  levels  of  0.050  ug/ml .  The 
precision  or  reproducibility  of  the  analytical  technique 
approximates  a  coefficient  of  variation  of  105^  or  less  over 
the  observed  range  of  0.050  yg/ml  to  2.00  yg/ml . 

Both  the  accuracy  and  precision  of  this  analytical 
system  depend  on  the  development  of  a  linear  standard  curve 
with  which  the  chromatograms  are  quantitated.  The  standard 
curve  is  readily  prepared  by  the  direct  injection  of 
standardized  solutions  of  WR  142,490  and  its  internal  standard 
into  the  HPLC  system.  The  standard  curve  may  also  be  produced 
from  blood  extracts  in  order  to  compensate  for  background 
interference  patterns;  however,  since  the  interference  pattern 
of  outdated  bank  blood  will  probably  not  be  the  same  as  that 
of  the  patient,  a  direct  injection  of  standard  solutions 
utilizes  the  best  approximation  available.  Direct  injection 
of  methanol  solutions  of  the  standards  also  enables  the 
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chromatographic  system  to  function  at  near  maximal  efficiency; 
therefore,  an  analysis  of  the  standard  curve  chromatograms 
should  aid  in  determining  the  limits  of  chromatographic  inter¬ 
pretation.  In  all  of  the  chromatograms  used  in  the  development 
of  the  standard  curve  the  internal  standard  peak  area  should 
remain  constant;  however,  the  coefficient  of  variation  (CV) 
indicates  a  range  of  3  to  8%,  The  ratio  of  the  area  of  the 
compound  to  be  analyzed  (WR  142,490)  to  the  area  of  the  inter¬ 
nal  standard  (WR  184,806)  is  more  consistent  (CV  =  0.5  to  4X) 
for  all  but  the  lowest  concentration  (0.050  Mg/5  ul)  of 
WR  142,490  (CV  =  19^).  Chromatographic  recovery  of  the  internal 
standard  from  blood  extracts  indicates  that  the  same  degree  of 

variation  (CV  =  2  to  82)  in  the  determination  of  peak  area  , 

exists.  The  ratio  of  the  area  of  WR  142,490  extracted  from  * 

blood  to  the  area  of  the  internal  standard  extracted  from  blood 

also  varied  to  the  same  extent  as  the  ratio  of  the  area  of  the  ? 

standard  methanol  solutions  (CV  =  1  to  42)  in  all  but  the  lowest  * 

concentration  of  WR  142,490  (CV  =  92).  These  results  suggest 
that  the  blood  extracts  of  WR  142,490  and  its  internal  standard, 

WR  184,806,  are  being  chromatographed  to  a  near  optimal  extent  t 

in  this  experiment.  i 


Since  all  manual  methods  of  chromatogram  quantitation 
are  approximations,  improved  quantitation  could  be  achieved  by 
means  of  an  integrator.  Although  significant  improvements 
have  been  r ade  in  recent  years,  quantitation  by  means  of  auto¬ 
matic  integrators  on  anything  other  than  perfect  chromatographic 
peaks  may  be  somewhat  doubtful.  The  entire  concept  of  the 
analysis  of  chromatograms  is  based  on  the  evaluation  of  single, 
well  defined  peaks  over  a  linear  background.  The  background  or 
"blank"  can  be  determined  by  treating  a  blood  sample  containing 
no  drug  or  internal  standard  in  a  manner  identical  to  the  normal 
procedure.  Interference  patterns  in  the  chromatograms  are 
readily  visible  and  may  sometimes  be  accounted  for  by  calcula¬ 
ting  the  area  corresponding  to  the  interfering  peaks  and  simply 
subtracting  it  from  the  area  of  the  drug  peak.  This  concept 
may  be  important  in  the  analysis  of  low  blood  concentrations  of 
the  "unknown"  in  which  an  interfering  peak  may  readily  obscure 
the  drug  peak  by  30  to  502.  In  acute  animal  experiments  a 
"blank  correction"  can  be  employed  routinely;  however,  in  human 
clinical  samples  a  "blank"  sample  is  seldom  available.  During 
the  analysis  of  blood  samples  from  a  long  term  experiment,  the 
blank  may  be  expected  to  change.  Therefore,  corrections  made 
with  respect  to  the  actual  time  of  drug  administration  will  not 
be  consistent  throughout  the  analytical  system. 
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Since  there  does  not  appear  to  be  a  significant 
difference  between  the  chromatography  of  the  standards  prepared 
in  methanol  and  the  chromatography  of  the  blood  extracts  of  the 
same  compounds,  it  should  be  possible  to  estimate  the  accuracy 
of  the  chromatographic  system  by  the  precision  of  the  standard 
curve  used  to  evaluate  the  blood  extracts.  In  an  ideal 
analytical  system  the  standard  curve  should  be  linear  and  have 
an  intercept  near  zero. 

The  development  of  a  control  system  which  spans  the 
normal  clinical  range  of  drug  concentrations  is  possible. 
Although  the  control  system  attempts  to  mimic  the  normal 
clinical  blood  sample  and  should  be  a  more  reliable  comparison 
than  the  methanol  standards,  it  cannot  be  the  same  as  the 
clinical  sample.  Therefore,  the  possibility  of  accurate 
control  values  coupled  with  erroneous  clinical  sample  results 
remains. 


Since  all  of  these  studies  have  been  developed  on  the 
basis  of  spiked  blood  samples,  they  are  still  only  an  approxi¬ 
mation  of  the  actual  human  blood  sample.  A  more  realistic 
approximation  may  be  achieved  through  the  collection  of  a  large 
pool  of  clinical  blood  samples.  This  pool  of  human  clinical 
blood  saniples  must  be  well  mixed  for  complete  uniformity  so 
that  each  aliquot  will  contain  the  same  amount  of  drug  per  unit 
volume  or  per  unit  weight.  Although  the  absolute  concentration 
of  the  drug  in  each  aliquot  of  pooled  blood  can  not  be  deter¬ 
mined,  the  reproducibility  of  the  analytical  system  can  be 
monitored. 

This  is  by  no  means  an  exhuastive  study  of  all  possible 
methods  of  analysis  of  mefloquine  (WR  142,490)  in  biological 
fluids.  Experimentation  will  continue  primarily  in  three  areas 
in  an  attempt  to  improve  the  analytical  system:  1)  attempts  to 
improve  biological  sample  preparation  "clean  up"  procedures  will 
continue,  2)  improved,  simplified,  mobile  phase  systems  will  be 
explored  and  3)  improved  analysis  of  chromatograms  will  continue 
to  be  investigated. 

4.  Human  pharmacokinetic  studies. 

a.  Background: 

During  the  past  year  a  major  portion  of  the  clinical 
program  of  this  department  has  involved  the  application  of 
pharmacokinetic  principles  to  the  study  of  new  antimalarial 
drugs.  Development  of  the  techniques  for  measuring  various 
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drugs  of  interest  to  the  program  in  biological  fluids  made 
possible  the  pharmacokinetic  and  bioavailability  studies  which 
have  been  conducted.  The  clinical  protocols  were  carried  out 
by  a  private  contractor  and  will  therefore  not  be  discussed 
here  in  any  detail.  However,  each  protocol  was  designed  and 
generated  by  the  staff  of  this  department,  and  since  the  design 
is  critical  to  the  final  analysis  of  data  each  will  be  described 
briefly.  The  analysis  of  blood  specimens  for  drug  content  was 
also  performed  by  this  department  and  the  methodology  is 
discussed  elsewhere  in  the  Annual  Report.  Final  analysis  and 
reporting  of  blood  concentration-time  data  were  performed  by 
the  clinical  staff  of  this  department. 

There  are  several  possible  approaches  to  the  generation 
and  analysis  of  pharmacokinetic  data.  The  data  generated  in 
clinical  studies  performed  in  the  past  were  limited  to  whole 
blood  concentrations  of  parent  compounds  at  selected  sampling 
times  in  relation  to  single  or  multiple  doses  of  each  drug. 

Two  drugs  have  been  investigated  in  5  separate  protocols.  They 
are  both  quinolinemethanols:  WR  142,490  (mefloquine)  and 
WR  184,806. 

One  approach  which  was  evaluated  and  discarded  as 
insufficient  for  modern  pharmacokinetic  studies  was  the  use  of 
analogue  curve  fitting.  Instead,  the  use  of  digital  computer 
technology  with  application  of  iterative  non-linear  programming 
was  chosen  to  provide  the  kind  of  statistical  data  required  to 
support  the  purposes  of  the  pharmacokinetic  studies.  A  review 
of  available  pharmacokinetic  programs  concluded  that  none 
provided  the  level  of  sophistication  and  flexibility  desired. 

b.  Methods,  results  and  discussion: 

A  minicomputer  with  unique  graphic  capabilities  was 
selected  and  a  number  of  programs  developed  which  are  tailored 
to  our  particular  needs.  The  program  we  are  currently  using 
was  adapted  to  a  Tektronix  4051  Graphics  Computer  from  a  Basic 
Program  written  by  Homer  and  Horowitz  of  NAMRI.  It  employs  a 
modified  Marquardt  algorithm  for  non-linear  parameter  estimation. 
Considerable  effort  was  invested  in  designing  our  program  to 
perform  a  number  of  useful  functions.  It  first  utilizes  an 
interactive  graphics  system  to  select  a  variety  of  likely 
regression  models  to  fit  the  data  to  be  analyzed.  Initial 
parameter  estimates  are  then  derived  graphically  and  optimized 
by  an  iterative  algorithm  by  minimization  of  the  residual  sum 
of  squares.  This  parameter  estimation  routine  has  been 
evaluated  by  comparison  of  results  obtained  with  the  non-linear 
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regression  program  in  the  BMD-P  run  on  a  CDC  1500  computer.  Our 
program  also  provides  an  option  for  selecting  pure  non-linear 
regression  models  with  hybrid  rate  constants  or  equations  with 
microrate  constants  based  on  a  variety  of  classical  compartmen- 
tal  models.  All  of  the  models  used  to  date  employ  only  first 
order  processes.  Various  statistical  tests  and  graphic  displays 
are  then  used  to  select  the  model  which  provides  an  optimum  fit 
to  the  particular  set  of  data.  This  program  and  the  use  of  a 
minicomputer  system  which  is  committed  to  pharmacokinetic  data 
analysis  has  provided  the  department  with  a  highly  flexible  and 
important  resource  in  the  overall  development  of  new  anti- 
malarial  drugs. 

The  purposes  of  pharmacokinetic  studies  are  to  establish 
bioavailability,  to  optimize  administration,  and  to  gain  insight 
concerning  the  time-curve  of  action  of  a  particular  drug.  The 
first  drug  in  the  antimalarial  drug  development  program  to 
undergo  detailed  pharmacokinetic  study  was  the  quinolineirrethanol, 
WR  184,806.  Single  oral  doses  of  3  to  16  mg/kg  of  the  drug  were 
administered  to  20  volunteers.  Blood  samples  were  obtained  at 
selected  times  up  to  336  hr  after  drug  administration  and  each 
was  analyzed  for  whole  blood  concentration  of  WR  184,806  as 
parent  compound.  Measurable  blood  levels  were  achieved  at  all 
doses.  In  most  cases  the  blood  concentration-time  data  were 
best  fit  to  a  biexponential  function  describing  a  single¬ 
compartment  open  model  with  a  "lag-time"  of  1-2  hr.  The  mean 
absorption  t\  was  0.9  hr  with  a  mean  tmax  of  4.3  hr.  The 
average  half-life  of  the  drug  was  25.3  hr,  indicating  the 
likelihood  that  a  multiple  dosing  regimen  will  be  required  for 
treatment  of  malaria.  The  area  under  the  concentration-time 
curve  was  found  to  be  a  linear  function  of  the  dose  administered 
with  intercept  =  0,  a  slope  of  -  1.2277  and  an  r^  =  .7325.  This 
suggested,  but  did  not  prove,  that  the  drug,  WR  184,806,  behaved 
according  to  linear  pharmacokinetics  over  the  range  of  doses 
tested.  That  is  to  say,  all  absorption,  distribution,  metabo¬ 
lism  and  elimination  processes  were  first  order.  Further 
studies  with  multiple  dosing  are  planned. 

A  second  pharmacokinetic  study  was  conducted  with 
another  quinol inemethanol ,  WR  142,490  (mefloquine).  It  was 
known  prior  to  this  study  that  the  drug  is  effective  as  a  single 
oral  dose  in  the  treatment  of  chloroquine-resistant  falciparum 
malaria.  It  was,  therefore,  anticipated  that  WR  142,490  would 
be  well  absorbed  and  have  a  rather  long  half-life.  Single  oral 
doses  of  3  to  22  mg/kg  were  administered  to  20  volunteers. 

Blood  samples  were  obtained  at  selected  times  up  to  1992  hr 
after  drug  administration  and  each  was  analyzed  for  whole  blood 
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mefloquine  hydrochloride,  has  been  shown  to  be  very  efficacious 
against  human  malaria,  Including  that  caused  by  multidrug- 
resistant  strains.  The  purpose  of  this  study  was  to  examine 
the  absorption,  distribution  and  excretion  of  mefloquine  In  the 
mouse. 


b.  Materials  and  methods; 

Mefloquine  hydrochloride  was  synthesized  by  the  Aerojet 
Solid  Propulsion  Co.  (Sacramento,  CA)  and  the  C14-labelled 
mefloquine  hydrochloride  was  synthesized  bv  Monsanto  Research 
Corporation,  Dayton  Laboratory  (Dayton,  OH)  with  the  C-14  label 
In  the  methanol  1c  carbon  (specific  activity  either  11.5  or 
12.5  mCl/mmol,  radiochemical  purity  •^99%).  The  radlolabelled 
compound  was  diluted  by  dissolving  It  In  methanol  with  the 
appropriate  anwunt  of  nonradlolabelled  drug  and  purified  by 
crystallization  from  ethyl  acetate/heptane  to  a  final  specific 
activity  of  either  -^-0.4  or  viCI/mg,  with  a  radiochemical 
purity  of  >99^.  All  of  the  above  chemicals  were  assayed  for 
chemical  and  radiochemical  purity  by  thin-layer  chromatography 
(TLC).  All  other  chemicals  and  solvents  used  were  of  reagent 
grade. 


Female  albino  ICR  mice  from  the  Walter  Reed  colony, 
weighing  25-30  g,  were  used  for  all  experiments.  The  mice  were 
fed  a  standard  laboratory  diet  which  had  been  molded  and  baked 
Into  food  sticks  with  chicken  eggs  as  binder.  The  mice  were 
fasted  for  16  hr  before  dosing  but  were  allowed  water  ad  lib. 
Food  and  water  were  provided  ^  11b  Immediately  after  do^sTng. 

The  mice  were  housed  4  or  6  to  a  cage  in  glass  modified  Delmar- 
Roth  metabolism  cages  without  expired  air  traps,  except  where 
noted.  All  animals  were  dosed  either  peroral 1y  (po)  by  gavage 
at  8-10  mg/kg  or  intraperl toneally  (ip)  at  10  mg/kg  with  a 
suspension  of  radlolabelled  mefloquine  hydrochloride  Injn 
aqueous  solution  of  0.2%  methyl  cel1u1ose:0.4T.  Tween  80®. 
Standard  doses  taken  before,  during  and  after  dosing  the  animals 
were  assayed  for  Cl 4. 

Two  groups  of  6  mice  each  were  dosed  either  po  by  gavage 
or  Ip,  and  the  urine  and  feces  were  collected  separately  at 
12  hr  Intervals  for  6  days  and  at  24  hr  periods  thereafter  until 
>90%  of  the  total  radioactivity  had  been  excreted.  One  group  of 
4  mice  was  also  monitored  for  240  hr  for  the  presence  of  14c- 
labelled  volatiles  in  the  expired  air. 

After  determination  of  the  total  radioactivity  content, 
urine  samples,  including  appropriate  cage  washings,  were  cycled 
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3  times  through  Amberlite  XAD-2  resin  (5  g/50  ml)  in  glass 
columns  (1.2  x  10.0  cm).  The  resin  was  washed  with  3  bed 
volumes  of  water  and  eluted  with  4  bed  volumes  of  absolute 
methanol.  The  methanol  eluates  were  evaporated  to  dryness  in 
a  flash  evaporator,  reconstituted  in  2-5  ml  of  methanol,  and 
stored  at  -lO^C  for  later  TLC  analysis. 

Fecal  samples,  including  appropriate  cage  washings,  were 
homogenized  in  methanol  (approximately  50  ml)  in  a  Waring 
Blendor,  slurry-packed  into  glass  columns  (1.2  x  25.5  cm)  and 
eluted  with  absolute  methanol  (approximately  250-500  ml). 

After  determination  of  total  radioactivity,  the  methanol  eluates 
were  evaporated  as  above,  reconstituted  in  10-20  ml  of  methanol, 
and  stored  at  -lOOC  for  later  TLC  analysis. 

The  expired  air  from  one  cage  of  4  mice  was  monitored 
for  240  hr  by  drawing  air  through  the  cage  and  then  through  a 
series  of  4  traps  in  the  following  sequence:  traps  1  and  2, 
ethanolamine/1 ,2-dimethoxyethane  (1:2  v/v);  trap  3,  2  N  sulfuric 
acid;  trap  4,  2  N  sodium  hydroxide.  The  traps  were  drained  and 
refilled  every  12  hr  and  aliquots  removed  for  determination  of 
total  radioactivity. 

Six  groups  of  6  mice  each  were  dosed  po  by  gavage  at 
8.4  mg/kg.  Each  group  was  anesthetized  with  ether  at  the 
appropriate  sampling  time  and  exsanguinated  via  a  surgically 
exposed  femoral  artery.  The  groups  were  killed  at  4,  8,  24, 

48,  72  and  96  hr.  Blood  samples  were  collected  in  heparinized 
syringes.  Two  100  ul  aliquots  were  removed  from  the  pooled 
whole  blood  samples  for  determination  of  total  radioactivity, 
a  microhematocrit  was  determined  (13,000  g  for  3  min)  and 
plasma  separated  from  packed  red  blood  cells  (RBC)  after 
centrifugation  for  20  min  at  2000  g.  Two  100  ul  aliquots  of 
plasma  were  removed  for  determination  of  total  radioactivity 
and  the  remainder  of  the  plasma  and  RBC  samples  was  stored  at 
-lO^C  for  later  extraction. 

The  frozen  plasma  and  packed  RBC  samples  were  thawed 
and  1  to  2  ml  aliquots  of  each  placed  in  separate  glass 
centrifuge  tubes.  Two  vols  of  pH  7.4  Sorensen  phosphate  buffer 
(M/15)  were  added  and  20  vols  of  ethyl  acetate  added.  Extrac¬ 
tion  was  by  vigorous  mixing  for  5  min  followed  by  centrifuga¬ 
tion  to  separate  the  phases.  The  ethyl  acetate  extract  was 
washed  with  pH  11  phosphate  buffer.  After  centrifugation,  the 
ethyl  acetate  layer  was  pipetted  off,  evaporated  and  the 
residues  dissolved  in  methanol  (0.5  ml)  and  stored  at  -lOOC 
for  later  TLC  analysis. 


Two  groups  of  4  mice  each  were  dosed  po  by  gavage  at 
10  mg/kg  and  one  group  was  killed  at  24  hr  and  the  other  at 
48  hr.  At  the  time  of  death  the  mice  were  anesthetized  with 
ether,  exsanguinated  via  a  surgically  exposed  femoral  artery 
and  various  organs  were  removed.  The  organs  were  pooled  by 
tissue  type  at  each  kill  time  and  stored  In  methanol  at  -IQOC, 
as  were  the  residual  carcasses.  Urine  and  fecal  samples  were 
collected  separately  until  the  time  of  death. 

The  tissue  pools  were  homogenized  and  extracted  as 
described  above.  The  methanol  extracts  were  evaporated  as 
described  above,  reconstituted  In  methanol  (0. 5-2.0  ml)  and 
stored  at  -lO^C  for  later  TLC  analysis.  Carcasses  were 
homogenized  In  methanol  with  a  tissue  grinder  and  treated  as 
described  for  the  other  tissue  samples. 

Appropriately  sized  aliquots  were  removed  from  the 
samples  during  the  various  procedures  to  monitor  the  recovery 
of  total  radioactivity.  The  recovery  of  radioactive  components 
derived  from  mefloqu1ne-C14  from  the  various  sample  types  by 
the  methods  described  was  shown  to  be  95-lOOS  efficient  In  all 
cases. 

A  Packard  TrICarb  liquid  scintillation  counter,  model 
3320,  or  a  Searle  Mark  II  liquid  scintillation  counter,  was  used 
to  count  all  samples.  The  scintillation  solution  was  either  a 
mixture  of  2,5-dlphenyloxazole  in  toluene  (6  g/liter)  and  1,2- 
dlmethoxy^hane  (5:3,  v/v)  or  a  premixed  scintillation  fluid 
(Hydromix®).  Whole  blood,  plasma,  and  packed  red  blood  cell 
samples  were  digested  In  0.2  ml  of  70%  perchloric  acid  and 
0.4  ml  of  30%  hydrogen  peroxide  with  heating  at  75-80OC  for 
1  hr.  Counting  efficiency  was  determined  by  means  of  either 
an  Internal  or  an  external  standard. 

All  chromatograms  were  developed  for  10  cm  beyond  the 
origin  on  silica  gel  F254  precoated  glass  plates  with  one  of 
the  following  solvent  systems:  A)  heptane/l-butanol/glacial 
acetic  acid  (8:1:1,  v/v/v)  with  six  serial  developments;  and 
B)  1 -butanol /glacial  acetic  acid/water  (66:17:17,  v/v/v).  After 
development,  the  plates  were  air-dried,  visualized  with  UV  light 
(254  nm),  and  the  radioactivity  localized  and  quantitated  using 
a  Varian  Model  6000  two-dimensional  radiochromatogram  scanner 
with  integrator.  Samples  were  applied  as  1-cm  to  4-cm  bands 
with  a  2-cm  reference  band  of  mefloquine  on  every  plate. 

For  Inverse  isotope  dilution,  appropriate  aliquots  of 
24-36  hr  urines  and  24-36  hr  fecal  extracts  were  dissolved 
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separately  in  methanol  (10  ml)  and  nonradioactive  mefloquine 
hydrochloride  (-^100  mg)  added.  After  thorough  mixing,  the 
solutions  were  evaporated  to  dryness  in  a  flash  evaporator. 

The  residues  were  extracted  with  hot  ethyl  acetate  and  the 
extracts  evaporated.  The  resultant  precipitates  were  repeatedly 
recrystallized  from  ethyl  acetate: heptane  until  a  constant 
specific  activity  and  melting  point  had  been  achieved  twice  in 
succession. 

To  determine  presence  of  conjugates,  hydrolysis  of  urine 
and  fecal  extracts  was  attempted.  Aliquots  of  pooled  0-96  hr 
urine  and  fecal  extracts  were  incubated  at  250C  for  20  hr  in  one 
of  the  following  media:  a)  control,  deionized  water;  b)  bovine 
6-glucuronidase,  1760  Fishman  Units  in  deionized  water; 

c)  6-glucuronidase/arylsulfatase  (Helix  pomatia),  55,000  Fishman 
Units  and  29,000  Fishman  Units  respectively  in  deionized  water; 

d)  phenolphthalein  glucuronide  or  phenol phthalein  sulfate  added 
to  the  appropriate  biological  extracts  in  deionized  water  as 
positive  controls.  After  incubation,  the  positive  controls  were 
made  alkaline  with  sodium  hydroxide  to  prove  enzyme  activity 
under  the  experimental  conditions.  The  other  samples  were 
evaporated  to  dryness  in  a  flash  evaporator  with  the  aid  of 
added  ethanol  and  the  ♦-esidues  extracted  with  methanol.  Aliquots 
were  removed  for  determination  of  total  radioactivity  and  the 
remainder  subjected  to  TLC  analysis. 

c.  Resul ts: 

The  primary  route  of  excretion  of  radioactivity  derived 
from  mefloquine  hydrochloride  was  via  the  feces  after  either  po 
or  ip  administration  of  10  mg/kg  (Table  7).  Urinary  excretion 
of  C14-drug  equivalents  was  appreciable  ('\.20T)  but  only  trace 
amounts  of  radioactive  volatiles  were  detected  in  the  expired 
air. 


TLC  profiles  using  solvent  A  contained  5  major  and  at 
least  3  minor  radioactive  peaks.  The  parent  drug  usually 
exhibited  an  Rf  value  of  0.24.  The  TLC  profiles  using  solvent 
B  contained  3  major  and  at  least  3  minor  radioactive  peaks.  The 
parent  drug  usually  exhibited  an  Rf  value  of  0.73.  The  percent 
of  unchanged  drug  as  calculated  from  the  TLC  scan  correlated 
closely  with  the  percent  of  unchanged  drug  as  determined  by 
inverse  isotope  dilution. 

As  shown  in  Table  7,  the  percentage  of  parent  drug 
decreased  with  time  in  both  urine  and  feces.  This  was  the  case 
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whether  drug  was  administered  po  or  ip.  Approximately  30%  of 
the  dose  was  excreted  as  parent  drug  after  either  route  of 
administration.  The  elimination  half-times  for  the  parent  drug 
were  calculated  using  the  sigma-minus  method.  The  half-times  of 
elimination  via  the  excreta  were:  18.7  hr  for  urine  and  14.5  hr 
for  feces  after  po  dosing;  13.5  hr  for  urine  and  15.4  hr  for 
feces  after  Ip  dosing. 

Representative  aliquots  of  urine  and  fecal  extracts 
were  subjected  to  enzymatic  hydrolysis  with  either  6-glucuron1- 
dase  or  B-glucuronidase/arylsulfatase.  These  treatments  did  not 
cause  any  significant  changes  in  the  chromatographic  profile  or 
the  relative  composition  of  radioactivity  as  analyzed  by  TLC. 
Positive  controls  incubated  concurrently  showed  that  the  experi¬ 
mental  conditions  used  were  capable  of  producing  full  enzymatic 
hydrolysis. 

The  plasma  concentration  curves  for  mefloquine- Cl 4  and 
total  C14-drug  equivalents,  expressed  as  yg  of  drug  equivalents 
per  ml,  are  summarized  in  Table  8.  The  highest  level  of  total 
radioactivity  in  the  pla«ma  was  observed  at  24  hr  while  that  of 
parent  drug  was  observed  in  the  first  sample  (4  hr).  In  the 
RBC,  the  peak  concentrations  of  total  radioactivity  and  of 
parent  drug  were  seen  at  the  4  and  8  hr  time  points.  The  con¬ 
centrations  of  mefloquine  in  the  RBC  were  about  5-6  times  those 
in  the  plasma.  When  concentrations  were  plotted  vs.  time  semi- 
logarithmically,  linear  regression  analyzed  and  tHe  slope  of 
the  line  determined,  the  elimination  half-lives  of  the  parent 
drug  in  plasma  and  in  RBC  were  calculated  to  be  17.0  and 
18.6  hr  respectively. 

The  distribution  of  mefloquine-C14  in  selected  tissues 
was  studied  (Table  9).  Of  the  tissues  investigated,  the  major 
sites  of  distribution  of  mefloquine-derived  radioactivity  were 
the  liver,  lungs,  kidneys  and  residual  carcass,  with  large 
amounts  in  the  gastrointestinal  tract  plus  their  contents, 
especially  the  small  intestine.  A  high  percentage  of  parent 
drug  was  present  in  the  tissue  extracts  as  identified  by  TLC. 
However,  the  heart  contained  primarily  metabolites  at  both  24 
and  48  hr.  The  bile  contained  a  high  ratio  of  metabolites  to 
unchanged  compound,  but  this  was  not  reflected  in  the  ratios 
found  for  small  intestine  plus  contents.  The  ratios  found  in 
the  cecum  and  large  intestine,  plus  their  contents,  favored 
metabolites  over  parent  compound. 
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d.  Discussion: 


Mefloquine  is  a  quinolinemethanol  derivative  with  very 
good  antlmalarlal  properties.  The  drug  was  very  well  absorbed 
po  by  mice  at  doses  of  10  mg/kg,  as  shown  by  the  alnjost  identi¬ 
cal  excretory  pattern  to  that  seen  after  Ip  administration. 

The  primary  route  of  excretion  was  fecal.  Indicating  biliary 
and  possibly  gastric  secretion.  This  interpretation  Is  In 
keeping  with  the  amounts  of  radiolabel  found  In  the  bile,  small 
Intestine  (Including  contents)  and  the  stomach  (including 
contents)  at  24  and  48  hr  after  dosing.  In  addition,  other 
workers  found  that  bile-fistula  rats  excreted  a  mean  of  56%  of 
the  radiolabel  in  bile  within  48  hr  of  a  7  mg/kg  ip  dose,  with 
9%  still  being  excreted  in  the  feces  during  that  time  period. 
They  also  showed  that  drug-derived  radioactivity  was  secreted 
into  the  gastric  juice  of  rats.  With  a  pKa  of  8.6,  gastric 
secretion  of  this  base  is  not  surprising;  quinine  (a  quinoline¬ 
methanol  with  a  pKa  of  8.4)  has  been  shown  to  be  excreted  into 
gastric  juice. 

The  concentration  ratio  of  mefloquine  in  mouse  RBC/ 
plasma  was  approximately  5-6.  In  vi tro  studies  by  other  workers 
produced  ratios  of  3.2,  3.1  and^.7  in  rat,  dog  and  human 
respectively.  The  percent  of  drug-derived  radioactivity  present 
as  parent  drug  fell  much  more  rapidly  in  mouse  plasma  than  in 
rat  plasma.  Another  difference  between  the  two  species  was  the 
smaller  percent  of  dose  excreted  in  the  urine  of  the  rat  (3.4%) 
than  of  the  mouse  (''^20%).  Another  important  species  difference 
is  that  the  rat  appeared  to  excrete  virtually  no  parent  drug 
while  the  mouse  excreted  'v.30%  of  the  dose  as  unchanged  drug. 

Concentration  of  drug-equivalents  in  selected  tissues 
was  qualitatively  similar  in  the  two  rodent  species.  Both  the 
mouse  and  the  rat  had  high  concentrations  of  drug  equivalents 
in  the  lungs,  liver,  kidneys  and  gastrointestinal  tract. 

6.  The  disposition  of  DL-threo-a-(2-piperidyl)-2,8-bis(tri- 
fluorometHyl )-4-quino1inemethanoT  hydrochloride  (WR  177,602-HCl) 
In  mice. 


a.  Background: 

The  quinolinemethanol  derivative,  WR  177,602,  is  a 
diastereoisomer  of  mefloquine.  WR  177,602  is  27  times  more 
potent  than  quinine  against  Plasmodium  berghei  malaria  infec 
tions  when  administered  orally  to  the  mouse.  This  compound 


Is  also  effective  In  curing  human  and  animal  multidrug-resistant 
strains  of  malaria.  The  objective  of  this  study  was  to 
determine  the  absorption,  distribution,  pharmacokinetics  and 
excretion  of  this  compound  in  mice. 

b.  Materials  and  methods; 

Radioactive  WR  177,602-HCl  (Sp.  Act.  32.3427  nCi/mg; 

Lot  No.  469a-3-l)  was  synthesized  by  Monsanto  Research  Corp. 
(Dayton,  OH)  with  the  l4c-label  in  the  alcohol  carbon  (Figure  5). 
the  nonradioactive  compound  (Lot  AD,  Bottle  No.  BE77728)  was 
prepared  by  Cordova  Chemical  Co.  (Sacramento,  CA).  Radioactive 
and  nonradioactive  compounds  were  cocrystal ized  to  obtain  a 
specific  activity  of  1.62  pCi/mg.  Radiochemical  purity  of  the 
compound  was  assayed  by  thin-layer  chromatography.  A  suspension 
of  the  resulting  mixture  of  WR  177,M2-^^C-HC1  was  prepared  in 
0.2%  methyl  cellulose  and  0.4X  Tween®  80  in  deionized  water, 

1  mg/ml.  A  premixed  liquid  scintillation  solution.  Hydromix® 
(Yorktown  Research  Co.,  S.  Hackensack,  NO)  was  used  for  radio¬ 
assay.  All  other  chemicals  and  solvents  used  were  reagent 
grade  quality. 

Albino,  ICR  female  mice  from  the  Walter  Reed  Colony 
[Walter  Reed  Medical  (Institute  of  Cancer  Research)  Barrier- 
Reared  mice],  weighing  about  25  g,  were  used.  The  mice  were 
fed  D  and  G  Laboratory  diet  (G.L.  Baking  Co.,  Frederick,  MD), 
and  were  maintained  in  a  temperature  controlled  room  with  a 
12-hr  light-dark  cycle.  The  mice  were  fasted  for  about  18  hr 
prior  to  dosing  but  were  permitted  water  ^  libitum.  A  dose  of 
10  mg/kg  was  administered  to  each  mouse  by  oral  intubation.  The 
mice  were  then  housed  4  to  a  modified  Roth  metabolism  case  and 
were  allowed  water  id  1 ibitum.  Food  was  not  allowed  until  4  hr 
after  dosing.  Standard  doses  were  taken  for  radioassay  before, 
during  and  after  dosing  the  animals. 

Urine  samples  were  collected  every  12  hr  for  3  days  and 
every  24  hr  thereafter  for  3  more  days.  Aliquots  of  each 
sample  were  taken  for  total  radioactivity  determination.  The 
samples  were  lyophilized  to  dryness  and  then  extracted  with 
absolute  methanol.  Volumes  of  the  extracts  were  determined  and 
aliquots  were  taken  for  radioassay  The  extracts  were 
evaporated  to  dryness  in  a  flash  evaporator  at  'v320C  and 
reconstituted  with  small  amounts  of  absolute  methanol;  aliquots 
were  taken  for  radioassay  and  the  samples  stored  in  a  freezer 
at  -lOOC  for  TLC  and  hydrolysis  studies. 
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Fecal  samples  were  collected  at  the  same  tfme  Intervals 
as  the  urtne  samples.  The  cages  were  washed  wtth  methanol  and 
the  washing  was  added  to  the  fecal  sample  which  was  then 
homogenized  In  absolute  methanol  In  a  Waring  blender  and 
extracted  In  glass  columns  with  the  same  solvent.  Volumes  of 
the  extracts  were  measured  and  aliquots  were  taken  for  total 
radioactivity  determination.  The  methanol  extracts  were 
evaporated  to  dryness  as  above  and  reconstituted  In  small 
amounts  of  absolute  methanol.  Aliquots  were  taken  for  radio¬ 
assay  and  the  samples  stored  as  described  above. 

Plasma  and  red  blood  cell  samples  were  collected.  At 
various  times  after  dcsing,  the  4  mice  In  a  group  were  anes¬ 
thetized  with  ether  ?ind  exsanguinated  via  a  surgically 
exposed  femoral  artery.  Aliquots  of  the  heparinized  pooled 
blood  were  used  for  radioassay  along  with  aliquots  for  hematocrit 
(Hct)  determination  (13,000  g  for  3  min).  The  remainder  of  each 
sample  was  centrifuged  at  7000  g  for  5  min  to  separate  the  plasma 
from  the  red  blood  cells  (RBC).  Aliquots  of  plasma  were  taken 
from  each  sample  for  radioassay.  Red  blood  cell  drug-equivalent 
levels  were  calculated  from  the  following  equation: 

tRBCl  =  tWB]  .. 

where  [RBC],  [WB],  and  fP]  represent  the  concentrations  (ug/ml) 

In  1®C,  whole  blood,  and  plasma,  respectively.  The  plasma  and 
red  blood  cells  were  lyophilized  and  extracted  with  methanol  as 
described  above. 

Tissue  samples  were  isolated.  At  various  times  after 
dosing,  all  4  mice  in  a  group  were  anesthetized  with  ether  and 
exsanguinated,  and  various  tissues  removed  by  dissection.  Each 
tissue  type  from  each  time-interval  group  was  pooled,  placed  in 
a  preweighed  container,  weighed,  and  sufficient  methanol  was 
added  to  cover  the  tissues.  The  carcasses  were  frozen  for  later 
processing. 

Each  tissue  pool  was  homogenized  In  methanol  In  a  Waring 
blender,  and  the  homogenate  was  packed  into  a  glass  column. 

After  the  homogenate  was  eluted  and  the  eluate  recycled,  3-4  bed- 
volumes  of  additional  methanol  were  passed  through  slowly.  The 
volume  of  the  combined  methanol  eluates  for  each  sample  was 
measured  and  aliquots  were  taken  for  radioassay.  The  remaining 
eluates  were  evaporated  to  dryness  and  reconstituted  with  small 
amounts  of  methanol.  Again  samples  were  taken  for  radioassay 
and  the  remainders  were  saved  in  a  freezer  for  TLC  analysis. 


The  animal  carcasses  were  homogenized  in  methanol  in  a 
tissue  grinder  (Model  SD  45,  Tekmar  Co.,  Cincinnati,  OH).  The 
homogenates  of  the  carcasses  were  processed  like  the  tissue 
homogenates  described  above. 

For  radioassay,  15  ml  of  premixed  scintillation  fluid 
(Hydromix®)  were  added  to  each  sample.  The  samples  were 
counted  for  10  min  in  a  Searle  Mark  II  liquid  scintillation 
counter.  Quenching  and  counting  efficiency  were  corrected  by 
external  standardization. 

Thin-layer  chromatography  was  used  to  obtain  metabolic 
profiles.  Appropriate  amounts  of  samples  were  streaked  on  tM 
precoated  silica  gelG  F254  TLC  plates,  0.25  mm  thickness  (EM 
Laboratories,  El ms ford,  NY),  and  developed  for  10  cm  from  the 
origin  with  n-butanol/acetic  acid/water  (10:1:1)  as  the  solvent 
system.  This  solvent  was  the  best  among  7  TLC  solvent  systems 
tested  prior  to  the  study.  After  air-drying,  the  plates  were 
visualized  with  ultraviolet  light  (254  nm)  and  scanned  with  a 
Varian  Model  6000  Radioscanner  with  Integrator  (time  constant, 

1  sec;  speed  10  cm/hr;  attenuation,  10  cps).  The  integration 
of  the  radioscanner  provided  a  means  for  measuring  the  relative 
Mrcentage  of  radioactivity  for  each  peak.  A  control  streak  of 
Hc-wr  177,602*HC1  was  placed  on  each  plate  as  an  Rf  comparison 
standard. 

Partition  coefficients  were  determined  using  various 
solvents.  A  solution  of  14c-labeled  WR  177,602-HCl  (500  ug/ml , 
32.3427  uCi/mg)  was  prepared  in  M/15  phosphate  buffer  (pH  7.4). 
Aliquots  of  this  solution  were  taken  to  determine  the  total 
radioactivity.  Duplicate  2  ml  aliquots  of  this  solution  were 
shaken  with  2  ml  of  various  organic  solvents  for  2  hr  at  250C. 
After  centrifugation,  aliquots  of  both  phases  were  analyzed  for 
radioactivity.  Kp  was  calculated  as  the  ratio  of  radioactivity 
in  the  organic  phase  to  that  in  the  buffer  phase. 

Plasma  protein  binding  was  investigated.  Blood  was 
collected  from  the  mice  as  described  previously.  Aliquots  of  the 
pooled  blood  were  taken  for  hematocrit  determinations.  The  blood 
was  centrifuged  and  the  plasma  was  separated  as  described  above. 
An  aliquot  of  a  solution  of  WR  177,602-14c  was  added  to  0.2  M 
phosphate  buffer  (pH  7.4)  such  that  the  final  concentration  of 
drug  was  1,500  ng(base)/ml.  From  this  stock  solution,  solutions 
with  concentrations  of  70,  140,  280,  and  420  ng(base)/ml  were 
made.  Aliquots  (1  ml)  of  each  solution  were  subjected  to 
equilibrium  dialysis  against  the  plasma.  The  samples  were 


incubated  for  20  hr  at  250C  in  a  Dubnoff  metabolic  shaker  at 
100  strokes  per  min.  Radioactivity  was  determined  from  the 
cells  on  both  sides  of  the  membrane  and  the  percentage  of  drug 
bound  to  plasma  proteins  calculated  from  the  following  equation: 

*  bend  .  X  100 

where  [Protl  and  [buffi  are  the  radioactivities  (dpm/ml)  on  the 
protein  and  buffer  sides  of  the  membrane,  respectively. 

c.  Resul ts: 

The  disposition  of  WR  177.602'HCl  was  studied  over  a 
160  hr  period  after  10  mg  of  the  ^^C-labelled  drug  was 
administered  per  kg  orally  to  mice.  About  70?  and  23%  of  the 
administered  radioactivity  were  excreted  via  feces  and  urine, 
respectively  (Ta^'le  10).  The  excretion  of  the  radioactivity  in 
urine  and  feces  peaked  in  the  time  period  between  24  and  36  hr. 
Approximately  2.10?  of  the  administered  radioactivity  was 
recovered  in  the  carcasses.  A  total  of  about  95%  of  the 
administered  dose  was  recovered  from  the  mice. 

Residual  urinary  and  fecal  radioactivities  were  calcu¬ 
lated.  The  half-life  (t'^)  for  the  elimination  of  radioactivity 
in  urine  and  feces  was  determined  using  linear  regression 
analysis  of  residual  radioactivity  versus  time  plots  or  the 
sigiTia-minus  method  (Gibaldi  and  Perrier,  1975).  Graphical 
results  for  urine  and  feces  are  shown  in  Figures  6  and  7, 
respectively.  The  tS  for  the  elimination  of  radioacti vi ty  in 
urine  was  estimated  to  be  13.26  hr  and  the  t'j  for  the  elimina¬ 
tion  of  radioactivity  in  feces  was  estimated  to  be  13.46  hr. 

The  concentrations  in  the  whole  blood,  plasma  and  red 
blood  cells  were  plotted  versus  time.  The  concentration  was 
calculated  as  total  ^^C-drug  equivalents  per  ml.  The  curves 
are  shown  in  Figure  8.  The  logarithmic  values  were  analyzed 
by  linear  regression.  The  slopes  of  the  lines  were  determined; 
the  elimination  half-lives  of  the  whole  blood,  plasma  and  red 
blood  cells  were  estimated  to  be  19.45  hr,  20.30  hr  and  18.11  hr, 
respectively. 

The  amounts  of  parent  drug  in  the  plasma  per  time  period 
were  determined  by  TLC  and  radioscanner.  The  results  were 
plotted  (Figure  9)  and  analyzed  in  the  same  manner  as  above. 

The  elimination  half-life  of  the  parent  drug  in  plasma  was 
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estimated  to  be  16.07  hr.  There  was  about  82%  unchanged 
WR  177,602  in  the  plasma  even  at  48  hr  after  dosing  (Table  11). 

The  distribution  of  WR  177,602-^^0  in  selected  tissues 
was  studied.  Of  the  tissues  investigated,  the  major  sites  of 
distribution  of  WR  177,602-derived  radioactivity  were  the  lungs, 
liver,  kidneys,  gastrointestinal  tract  plus  its  contents  and 
residual  carcasses  2  hr  after  oral  administration  of  the  drug 
(Table  12).  Based  on  pg  14c-drug  equivalents  per  gram  tissue, 
the  major  sites  of  concentration  of  WR  177,602-derived  radio¬ 
activity  were  the  lungs,  G.I.  tract  plus  its  contents,  gall 
bladder  plus  bile,  kidneys,  liver,  spleen,  submaxillary  salivary 
glands  and  eyes  2  hr  after  oral  administration  of  the  drug.  At 
this  time  a  total  of  67%  of  the  administered  dose  was  accounted 
for  in  the  body,  excluding  the  G.I.  tract  with  its  associated 
contents.  This  indicates  that  at  least  67%  of  the  dose  was 
absorbed  by  2  hr  after  oral  administration  of  the  drug.  Twenty 
four  hr  after  dosing,  relatively  high  amounts  of  radioactivity 
were  distributed  in  the  liver  and  substantial  amounts  of  the 
radioactivity  were  found  in  the  G.I.  tract  with  contents  and 
in  the  carcasses.  In  terms  of  concentration,  24  hr  after  dosing, 
the  tissues  with  relatively  high  concentrations  of  ^^c-drug 
equivalents  were  the  G.I.  tract  with  contents,  eyes,  heart, 
liver  and  kidneys.  Gall  bladder  plus  bile  and  lungs  had  the 
highest  concentration  of  all  the  tissues  examined  24  hr  after 
dosing.  Seventy  two  hr  after  dosing,  there  was  relatively  little 
or  no  l^C-drug  equivalents  radioactivity  remaining  in  the  tissues 
exami ned . 

The  lipophilic  characteristic  of  this  drug  was  estimated 
by  studying  its  partition  between  M/15  phosphate  buffer  (pH  7.4) 
and  various  organic  solvents.  The  results  of  this  study, 
presented  in  Table  13,  indicate  that  WR  177,602  has  high  lipid 
solubility. 

The  plasma  protein  binding  of  WR  177,602-HCl  was  studied 
by  equilibrium  dialysis  against  fresh  mouse  plasma.  The  extent 
of  binding  over  the  concentration  range  of  70  ng(base)/ml  to 
420  ng(base)/ml  was  99%. 

d.  Discussion: 

The  fate  of  WR  177,602-HCl,  a  promising  candidate  anti- 
malarial  drug,  was  investigated  in  female  mice.  At  least  67% 
of  the  dose  was  absorbed  by  2  hr  after  oral  administration  of 
the  drug.  It  appeared  that  biliary  excretion  and/or  possibly 
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enterohepatic  circulation  of  this  druo  was  taking  place,  inasmuch 
as  relatively  high  concentrations  of  '^C-drug  equivalents  in  the 
gall  bladder  and  bile  and  in  the  liver,  as  well  as  a  high  percent 
of  the  dose  in  the  liver,  of  mice  at  2,  6  and  24  hr  after  oral 
administration  wt»re  seen.  In  addition,  the  principal  route  of 
excretion  of  drug-derived  radioactivity  was  via  the  feces. 

It  may  be  of  interest  to  note  that  the  elimination  half- 
life  of  the  radioactivity  in  the  feces  was  essentially  the  same 
as  that  of  the  urine.  In  addition,  the  elimination  half-life  of 
the  radioactivity  in  the  whole  blood  was  the  same  as  those  of 
the  plasma  and  RPC.  rurthennore,  there  was  about  Rti-  parent 
drug  in  the  plasma  even  at  4P  hr  after  dosing  and  the  elimina¬ 
tion  half-life  of  the  parent  drug  in  the  plasma  was  only  4  hr 
shorter  than  that  of  the  total  radioactivity  in  the  plasma. 

The  results  of  this  study  suogest  that  this  drug 
appeared  to  be  readily  absorbed  after  being  administet'ed  orally 
to  the  mice.  Once  it  was  absorbed  it  was  extensively  bound  to 
plasma  protein  and  other  tissues. 

7.  The  disposition  of  d  dl-n-lnilylamlno-I-1  2.t'-b1sl4-trif1uore 
methyTpKehyT)-4-p'yr’lily'l  l-pro(Tano1  methanesul fonate  (V/R  17?,4^r'. 
CH3303Tn  In  mice. 

a.  Background: 

A  pyriditusnef hanol  derivative.  WR  172.43b  methanesul fo¬ 
nate,  is  a  promising  cattdidafe  ant  imalarial  drini.  Ihis  compound 
is  27  times  more  potent  than  quinine  against  fMasux'dium  berghei 
malaria  infection  when  administered  orally  to  the  mouse.  This 
compound  is  also  effectivt'  in  curing  human  and  animal  multidrug- 
resistant  strains  of  malaria.  Ihe  objective  of  this  study  was 
to  determine  the  absorption,  distribution.  nuMabolic  profile  and 
excretion  of  this  compouiui  in  mice. 

b.  Materials  and  methods: 

Radioactive  WK  1 /2.43b-iM3SO.)M  (Sp  Act  17.P041  uCi/mg; 
lot  No.  4R6  -3a)  was  synthesi  ,*evl  by  Monsanto  Research  Corp. 
(Dayton,  OH)  with  the  ’’h'  label  in  the  alcohol  carbon  (ligure 
10).  The  nonradioact  i  V('  lompound  (lot  Ak,  Pottle  No.  PI  32210) 
was  prepared  by  Ash  Stevens.  Inc.  (Detroit,  Ml).  Radioactive 
and  nonradioactive  compounds  wt're  rocrystali^i'd  to  olitain  a 
suitable  specific  activity.  Radiochemical  purity  of  tiu'  com¬ 
pound  was  assayed  bv  thin-layer  chromatography.  A  suspension 


it  172.435;^4c.cH3S03H  was  prepared 

in  0.2*  met^  cellulose  and  0.4%  Tween®  80  In  deionized  water 
with  a  result  ng  specific  activity  of  3  uCi/mg.  A  premixed 
liquid  scintillation  solution,  Hydromix®  (Yorktown  Research 

^*^7  was  used  for  radioassay.  All  other 
chemicals  and  solvents  used  were  reagent  grade  quality. 

ru  Walter  Reed  Colony 

[Walter  Reed  Medical  (Institute  of  Cancer  Research)  Barrier- 
Reared  mice],  weighing  about  25  g,  were  used.  The  mice  were 
fed  D  and  G  Laboratory  diet  (G.L.  Baking  Co.,  Frederick,  MD), 
and  were  maintained  in  a  temperature  controlled  room  with  a 
iz-nr  light-dark  cycle.  The  mice  were  fasted  for  about  18  hr 
to  dosing  but  were  permitted  water  ad  libitum.  A  dose 
Of  ZO  mg/kg  was  administered  to  each  mouse~by~oral  intubation 
The  mice  were  then  housed  4  to  a  modified  Roth  metabolism 

water  ^  libitum.  Food  was  not  allowed 
until  4  hr  after  dosing.  Standard  doses  were  taken  for  radio¬ 
assay  before,  during  and  after  dosing  the  animals. 

Urine  samples  were  collected  every  12  hr  for  5  days  and 
every  24  hr  thereafter  for  3  more  days.  Aliquots  of  each 
sample  were  taken  for  total  radioactivity  determination.  The 
samples  were  lyophili zed  to  dryness  and  then  extracted  with 
absolute  methanol.  Volumes  of  the  extracts  were  determined  and 
aliquots  were  taken  for  radioassay.  The  extracts  were  evapo- 

r  evaporator  at  320C  and  reconstituted 

with  small  amounts  of  absolute  methanol,  aliquots  were  taken  for 
radioassay  and  the  samples  stored  in  a  freezer  at  -lOoc  for  TLC 
and  hydrolysis  studies. 


Fecal  samples  were  collected  at  the  same  time  intervals 
as  the  urine  samples.  The  cages  were  washed  with  methanol  and 
the  washing  was  added  to  the  fecal  sample,  homogenized  in 
absolute  methanol  in  a  Waring  blender  and  extracted  in, glass 
columns  with  the  same  solvent.  Volumes  of  the  extracts  were 
measured  and  aliquots  were  taken  for  total  radioactivity 
determination.  The  methanol  extracts  were  evaporated  to  dry¬ 
ness  as  above  and  reconstituted  in  small  amounts  of  absolute 
methanol.  Aliquots  were  taken  for  radioassay  and  the  samples 
stored  as  described  above. 

The  expired  air  of  the  animals  was  scrubbed  by  drawing 
air  through  the  cage  and  then  through  a  series  of  4  traps  in 
the  following  sequence:  a)  ethanolamine/1 ,2-dimethoxyethane 
(1:2,  v/v),  two  traps;  b)  2N  H2SO4  (aq.);  c)  2N  NaOH  (aq.). 


The  traps  were  drained  and  refilled  every  12  hr  for  168  hr. 
Volumes  of  each  trap  were  measured  and  aliquots  were  taken  for 
radioassay. 

Plasma  and  red  blood  cell  samples  were  collected.  At 
various  times  after  dosing,  the  4  mice  in  a  group  were  anesthe¬ 
tized  with  ether  and  exsanguinated  via  a  surgically  exposed 
femoral  artery.  Aliquots  of  the  heparinized  pooled  blood  were 
used  for  radioassay  along  with  aliquots  for  hematocrit  (Hct) 
determination  (13,000  g  for  3  min).  The  remainder  of  each 
sample  was  centrifuged  at  7000  g  for  5  min  to  separate  the 
plasma  from  the  red  blood  cells.  Aliquots  of  plasma  were  taken 
from  each  sample  for  radioassay.  Red  blood  cell  drug  levels 
were  calculated  from  the  following  equation: 


where  [RBCl,  fWBl,  and  IPl  represent  the  concentrations  (ug/ml) 
in  RBC,  whole  blood,  and  plasma,  respectively.  The  plasma  and 
RBC  were  lyophilized  and  extracted  with  methanol  as  described 
above. 

Tissue  samples  were  isolated.  At  various  times  after 
dosing,  all  4  mice  in  a  group  were  anesthetized  with  ether  and 
exsanguinated,  and  various  tissues  removed  by  dissection.  Each 
tissue  type  from  each  time-interval  group  was  pooled,  placed  in 
a  preweighed  container,  weighed,  and  sufficient  methanol  was 
added  to  cover  the  tissues.  The  carcasses  were  frozen  for  later 
processing. 

Each  tissue  pool  was  homogenized  with  methanol  in  a 
Waring  Blendor,  and  the  homogenate  was  packed  in  a  glass  column. 
After  the  homogenate  was  eluted  and  the  eluate  recycled,  3-4  bed- 
volumes  of  additional  methanol  were  passed  through  slowly.  The 
volume  of  the  combined  methanol  eluates  for  each  sample  was 
measured  and  aliquots  were  taken  for  radioassay.  The  remaining 
eluates  were  evaporated  to  dryness  and  reconstituted  with  small 
amounts  of  methanol.  Again  samples  were  taken  for  radioassay 
and  the  remainders  were  saved  in  a  freezer  for  TLC  analysis. 

The  animal  carcasses  were  homogenized  in  methanol  in  a 
tissue  grinder  (Model  SD  45,  Tekmar  Co.,  Cincinnati,  OH).  The 
homogenates  of  the  carcasses  were  processed  like  the  tissue 
homogenates  described  above. 


Hydrolysis  of  excreta  extracts  was  tried.  Since  the 
total  radioactivity  excreted  in  urine  was  only  0.72%  of  the 
administered  dose,  the  urine  samples  were  not  used  for  the 
hydrolysis  stu(iy. 

There  was  sufficient  radioactivity  excreted  in  the  feces 
so  that  several  representative  fecal  samples  with  sufficient 
radioactivity  were  chosen,  namely  the  24,  36,  48,  72  and  120  hr 
fecal  samples.  The  fecal  samples  were  pooled.  The  supernatant 
from  the  pooled  sample  was  dried  by  flash  evaporation.  The 
evaporated  sample  was  then  reconstituted  with  15  ml  of  methanol. 
Duplicate  0.1  ml  samples  were  taken  for  radioassay.  Appropriate 
amounts  of  the  reconstituted  sample,  along  with  the  radioactive 
and  nonradioactive  WR  172,435*CH3S03H  standards  were  streaked 
onto  TLC  plates.  The  plates  were  developed  with  Bu0H:H0AC:H20 
(10:1:1). 

Aliquots  of  the  reconstituted  sample  were  placed  in 
separate  25  ml  Erlenmeyer  flasks.  The  methanol  in  each  flask 
was  evaporated  to  dryness  before  the  following  incubation  media 
were  added  to  separate  flasks:  (1)  phosphate  buffer  (pH  5.5) 
as  control;  (2)  1700  units  of  p-glucuronidase  (Calbiochem, 

La  Jolla,  CA)  in  phosphate  buffer  (pH  5.5);  (3)  58,000  units  of 
B-glucuronidase/arylsulfatase  (Calbiochem,  La  Jolla,  CA)  in 
phosphate  buffer  (pH  5.5);  and  (4)  0.2  N  HCl.  Three  positive 
controls  were  also  set  up:  (1)  phenolphthalein  glucuronide  + 
B-glucuronidase/aryl  sulfatase;  (2)  phenolphthalein  glucuronide + 
0.2  N  HCl;  and  (3)  phenolphthalein  disulfate  +  0.2  N  HCl. 

The  flasks  were  incubated  at  20^0  for  20  hr.  At  the  end 
of  incubation,  each  sample  containing  the  fecal  extract  was 
extracted  3  times  with  15  ml  portions  of  diethyl  ether.  The 
ether  extracts  of  each  sample  were  combined  and  were  evaporated 
to  dryness  in  a  gentle  stream  of  nitrogen.  The  samples  were 
then  reconstituted  with  1  ml  of  methanol.  Aliquots  of  0.1  ml 
samples  were  taken  for  radioassay  and  the  remainders  were  used 
for  TLC  analysis  as  described  above.  For  the  positive  controls, 
a  few  drops  of  0.2  N  NaOH  were  added.  The  appearance  of  a 
purple  color  indicated  a  positive  hydrolysis  process  since 
unconjugated  phenolphthalein  was  released. 

For  radioassay,  15  ml  of  premixed  scintillation  fluid 
(Hydromix®)  were  added  to  each  sample.  The  samples  were 
counted  for  10  min  in  a  Searle  Mark  II  liquid  scintillation 
counter.  Quenching  and  counting  efficiency  were  corrected  by 
external  standardization. 


Thin-layer  chromatography  was  used  to  obtain  metabolic 
profiles.  Appropriate  amounts  of  samples  were  streaked  on  EM 
precoated  silica  gel  F254  TLC  plates  (EM  Laboratories,  Elmsford, 
NY)  and  developed  for  10  cm  from  the  origin  with  n-butanol/ 
acetic  acid/water  (10:1:1)  as  the  solvent  system.  This  was  the 
best  system  among  7  other  TLC  solvent  systems  tested  prior  to 
the  study.  After  air-drying,  the  plates  were  visualized  with 
ultraviolet  light  (254  nm)  and  scanned  with  a  Varian  Model  6000 
Radioscanner  with  integrator  (time  constant,  1  sec;  speed  10  cm/ 
hr;  attenuation,  10  cps).  The  integration  of  the  radioscanner 
provided  a  means  for  measuring  the  relative  percentage  of  radio¬ 
activity  for  each  peak.  A  control  streak  of  l4C-labeled 
WR  172,435-CH3S03H  was  placed  on  each  plate  as  an  Rf  comparison 
standard. 

c.  Resul ts: 

The  disposition  of  WR  172,435- CH3SO3H  was  studied  over 
a  192  hr  period  after  20  mg  of  the  14C-labelled  drug  was  admin¬ 
istered  per  kg  orally  to  mice.  About  7f>A%  and  0.72%  of  the 
administered  radioactivity  were  excreted  via  feces  and  urine, 
respectively  (Table  14).  The  excretion  of  the  radioactivity 
in  urine  and  feces  peaked  within  the  first  12  hr  time  period 
after  administration  of  the  drug.  Approximately  19%  of  the 
administered  radioactivity  was  recovered  in  the  carcasses.  A 
total  of  about  96%  of  the  administered  dose  was  recovered  from 
the  mice.  Only  trace  amounts  (0.08%)  of  radioactivity  were 
detected  in  the  expired  air. 

Residual  urinary  and  fecal  radioactivities  were  calcu¬ 
lated.  The  half-life  (tS)  for  the  elimination  of  radioactivity 
in  urine  and  feces  was  determined  using  linear  regression 
analysis  of  residual  radioactivity  versus  time  plots  or  the 
sigma-minus  method.  Graphical  results  for  urine  and  feces  are 
shown  in  Figure  11  and  Figure  12,  respectively.  The  thi  for  the 
elimination  of  radioactivity  in  urine  was  estimated  to  be 
113.9  hr.  The  elimination  of  14c  radioactivity  in  the  feces 
appeared  to  be  biphasic.  The  elimination  tH  of  the  first  phase 
was  11.2  hr  and  81  hr  for  the  terminal  phase.  Figure  13  shows 
a  sigma  minus  plot  of  the  elimination  of  parent  drug  in  feces 
vs.  time.  The  elimination  of  parent  drug  in  the  feces  appeared 
to  be  monophasic.  The  elimination  t^j  was  23.6  hr.  Only  one 
major  metabolite  was  detected  in  the  feces  by  TLC  and  the 
metabolite  detected  apparently  did  not  appear  to  be  conjugated 
under  the  hydrolysis  systems  tested  (Table  15). 
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Drug  levels  In  plasma  and  red  blood  cells  were  deter > 
mined.  The  concentrations  of  the  drug  equivalent  radioactivity 
In  the  plasma  and  red  blood  cells  are  shown  In  Table  16.  Peak 
levels  of  the  radioactivity  In  the  plasma  were  observed  at 
1.5  hr  after  dosing.  For  the  red  blood  cells.  It  was  1  hr 
after  dosing.  The  results  were  subjected  to  nonlinear  regres¬ 
sion  analysis.  The  estimated  th  of  the  absorption  phase  was 
0.8  hr  for  plasma  and  1,3  hr  for  red  blood  cells.  For  the 
distribution  phase,  the  th  for  plasma  was  1.7  hr  and  no  distri¬ 
bution  phase  was  seen  for  red  blood  cells.  In  the  elimination 
phase  the  tH  for  plasma  was  49.6  hr  and  for  red  blood  cells 
was  25.6  hr. 

The  distribution  of  WR  172,435-^^C  in  selected  tissues 
was  studied.  Of  the  tissues  investigated,  the  major  site  of 
distribution  of  WR  172,435-derived  radioactivity  was  the  liver 
throughout  the  time  periods  tested  (Table  17),  A  high  percen¬ 
tage  of  the  radioactivity  in  the  liver  samples  was  identified 
by  TLC  as  parent  drug.  Even  120  hr  after  dosing  the  parent 
drug  detected  in  the  liver  was  70%  of  the  liver  sample.  There 
were  substantial  amounts  of  radioactivity  in  the  GI  tract  and 
In  the  residual  carcasses.  Except  for  gall  bladder,  70  to 
98%  of  the  radioactivity  in  the  organ  and  tissue  samples  120  hr 
after  dosing  was  identified  as  parent  drug.  Based  on  pg  14-c- 
drug  equivalent  per  gm  tissue,  the  major  sites  of  concentration 
of  WR  172,435-derived  radioactivity  were  the  GI  tract  plus  con¬ 
tents,  gall  bladder,  liver,  adrenal  glands,  spleen,  lungs, 
kidneys  and  heart  2  hr  after  dosing.  There  was  some  shifting 
In  concentration  during  the  6,  24  and  72  hr  periods.  However, 
120  hr  after  dosing,  the  eyes,  submaxillary  salivary  glands, 
lungs,  liver,  adrenal  glands,  kidneys  and  abdominal  fat  seemed 
to  retain  relatively  higher  amounts  of  the  radioactivity  than 
the  other  tissues  examined  (Table  18). 

d.  Discussion: 

The  disposition  of  WR  172,435*CH3S03H  was  investigated 
in  male  mice.  Two  hr  after  dosing  about  12%  of  the  administered 
dose  was  accounted  for  in  the  body,  excluding  G.I.  tract  with 
its  associated  contents.  Approximately  70%  of  the  administered 
dose  was  accounted  for  in  the  body  6  hr  after  dosing.  This 
Indicates  that  by  6  hr  after  oral  administration  of  the  drug, 
at  least  70%  of  the  dose  had  been  absorbed  by  the  mice.  The 
radioactivity  was  distributed  throughout  the  animal  body  with 
a  relatively  large  amount  found  in  the  liver.  The  concentra¬ 
tion  of  drug  equivalents  remained  quite  high  in  the  majority 
of  the  tissues  studied  and  a  high  percentage  of  the  radio- 


i:>L»9 


activity  In  the  tissue  samples  was  Identified  as  unchanged 
WR  172,435.  The  results  suggest  that  WR  172,435  deposited  In 
various  tissues  after  Its  distribution  even  though  the  percent 
of  total  radioactivity  In  each  tissue  was  relatively  small. 
Because  of  the  tissue  storage  and  the  slow  release,  the  elimi¬ 
nation  tS  of  the  radioactivity  In  urine  and  feces  were  rather 
long. 

8.  Characterization  of  the  cardiovascular  responses  of 
WR  194,965-H3P04  following  Intravenous  administration. 


a.  Background: 

4-(t-butyl)-2-(t-butylam1nomethyl )-6-(4-chlorophenyl ) 
phenol  phos^ate  (WR  194’,965-H3P04)  Is  the  first  compound  from 
a  new  class  of  compounds  called  "phenolic  phenols"  that  has 
been  proposed  for  clinical  trial  In  the  Antimalarlal  Drug 
Development  Program.  Initial  studies  In  the  anesthetized  dog 
Indicated  that  bolus  Injections  of  WR  194,965'H3P04,  30  mg/kg, 
produced  an  acute  but  transient  hypotension  and  reflexive 
tachycardia  followed  by  a  long-lasting  bradycardia.  Infusion 
of  the  same  dosage  regimen  over  a  one  hr  period  eliminated  the 
hypotension  reflexive  tachycardia  response  but  did  not  affect 
the  bradycardia  which  was  maintained  for  2  hr  following  termi¬ 
nation  of  the  infusion.  Since  quinidine  (Moe  and  Abildskov, 
1975),  the  dextro  isomer  of  quinine,  and  many  antimalarlals 
(Arora  and  Lai,  1963)  produce  cardiovascular  alterations  both 
directly  and  also  Indirectly  via  an  interaction  with  the  auto¬ 
nomic  nervous  system,  the  present  study  was  undertaken  to 
ascertain  whether  the  cardiovascular  alterations  produced  by 
WR  194,965'H3P04  could  be  modified  by  procedures  designed  to 
Interrupt  the  activity  of  the  autonomic  nervous  system. 

b .  Materials  and  meUio^s : 

Twenty-five  beagle  dogs,  weighing  from  8.2-14.1  kg, 
were  anesthetized  with  30  mg/kg  iv  sodium  pentobarbital.  An 
endotracheal  tube  was  positioned  to  allow  monitoring  of  res¬ 
piration  via  a  pneumotachometer.  A  catheter  was  placed  in 
the  ascending  aorta  via  the  left  femoral  artery  for  monitoring 
both  pulsatile  and  mean  arterial  pressure.  A  catheter  was 
also  placed  in  the  left  femoral  vein  for  administration  of 
drugs.  Lead  II  of  the  electrocardiogram  was  recorded  and 
heart  rates  determined  via  an  integrating  cardiotachometer . 
Temperature  was  monitored  via  a  rectal  thermistor  probe  and 
maintained  near  normal  with  a  heating  pad.  Arterial  pressure. 


! 


mean  arterial  pressure,  respiration,  the  Lead  II  electrocardio¬ 
gram  and  heart  rate  were  recorded  on  a  Hewlett-Packard  Model 
7758A  recorder. 

The  beagles  were  divided  Into  5  groups  of  5  animals 
each.  The  first  group  was  the  control  group  which  received 
15  mg/kg  (base)  of  WR  194,965-H3P04  (lot  AG,  bottle  no.  BG56327) 
given  1v  over  a  one  min  period  and  was  then  observed  for  one  hr. 
Data  were  tabulated  Inmedlately  prior  to  adninistratlon  of 
WR  194,965-H3P04  and  1,  5,  10,  20.  30.  40,  50  and  60  min 
following  Initiation  of  the  WR  194,965*H3P04  Injection.  The 
animals  In  the  second  group  were  pretreated  with  1  mg/kg  (base) 
atropine  sulfate  10  min  prior  to  the  WR  194,965*H3P04  adminis¬ 
tration.  The  animals  In  the  third  group  were  bilaterally 
vagotomized  15  min  prior  to  administration  of  WR  194,965*H3P04. 
The  fourth  group  received  hexamethonlum  HCl  10  mg/kg  (base) 

15  min  prior  to  receiving  WR  194,965*H3P04.  The  fifth  group 
received  2  mg/kg  propranolol  HCl  10  min  prior  to  the 
WR  194,965*H3P04  Injection.  The  hexamethonlum,  atropine  and 
propranolol  were  dissolved  In  Isotonic  saline  while  WR  194,965* 
H3PO4  was  dissolved  in  ethanol :5%  aqueous  dextrose  (10:90,  v/v). 

Heart  rate,  mean  arterial  pressure  and  respiratory  rate 
at  1,  5,  10,  20,  30,  40,  50  and  60  min  after  WR  194,965*H3P04 
Injection  were  tabulated  as  a  percentage  of  the  baseline,  the 
Immediate  pre  WR  194,965*H3P04  Injection  value.  Dunnett's  test 
of  significance  (Zar,  1974)  was  used  to  compare  values  at  the 
various  recording  Intervals  with  baseline  and  also  to  compare 
the  effect  of  the  different  pretreatment  regimens  with  the 
control  WR  194,965*H3P04  injection  at  each  recording  interval. 
The  5X  level  of  significance  was  used. 

c.  Results: 

WR  194,965*H3P04,  15  mg/ kg  (base),  injected  intra¬ 
venously  over  a  one  min  period,  produced  a  marked  drop  (58?  of 
baseline)  in  blood  pressure  from  which  the  animal  had  essen¬ 
tially  recovered  5  min  after  the  injection  (Figure  14). 
Associated  with  the  hypotension  was  a  period  of  Increased 
respiratory  rate  which  was  not  statistically  significant  due 
to  the  large  individual  variation  (Table  19).  The  WR  194,965* 
H3PO4  Injection  also  produced  a  decrease  in  heart  rate  which 
became  significant  after  5  min  and  declined  steadily  to  67?  of 
baseline  during  the  one  hr  observation  period  (Figure  15). 

Neither  vagotomy,  atropine  nor  hexamethonlum  attenuated 
the  immediate  hypotensive  response  produced  by  WR  194,965*HjP0^ 
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(Figure  T4).  However,  propranolol  pretreatment  enhanced  the 
hypotensive  phase  produced  by  WR  194,965*H3P04.  The  percen¬ 
tage  drop  in  blood  pressure  was  significantlv  greater  at  both 
one  {33%  of  baseline)  and  5  (45%  of  baseline)  min  after  injec¬ 
tion  when  compared  to  the  control  WR  194,965*H3P04  response,  but 
had  returned  to  baseline  levels  10  min  after  injection. 

None  of  the  4  pretreatment  regimens  produced  statisti¬ 
cally  significant  alterations  in  the  respiratory  response  to 
WR  194,965‘H3P04  (Table  19).  As  seen  with  the  control  group 
the  respiratory  rate  increased  to  approximately  200%  of  baseline 
values  within  one  min  after  start  of  injection  after  pretreat¬ 
ment  with  propranolol,  atropine  or  hexamethonium.  An  increase 
in  respiratory  rate  of  46%  was  observed  in  the  vagotomized 
group.  The  individual  variation  in  respiratory  rates  makes 
interpretation  of  their  changes  most  difficult. 

WR  194,965'H3P04  continued  to  produce  a  significant 
decrease  in  heart  rate  beginning  5  min  after  injection  in  those 
animals  pretreated  with  atropine,  hexamethonium  or  vagotomy. 
However,  propranolol  pretreatment  accelerated  the  onset  of  this 
response;  a  significant  decrease  in  heart  rate  was  observed  one 
min  after  the  WR  194,965-H3P04  injection.  Nevertheless,  all  4 
pretreatment  regimens  attenuated  the  steady  decline  in  heart 
rate  produced  by  WR  194,955*H3P04  during  the  one  hr  observation 
period.  This  attenuation  of  the  heart  rate  response  after  the 
WR  194,965-H3P04  injection  was  observed  at  40  min  in  vagotomized 
dogs,  20  min  in  propranolol  or  atropine  pretreated  animals  and 
10  min  in  the  beagles  pretreated  with  hexamethonium.  The  maxi¬ 
mum  decline  in  heart  rate  in  the  pretreated  animals  was  to  76% 
of  baseline  in  vagotomized  or  propranolol  pretreated  animals, 

80%  of  baseline  in  atropine  pretreated  animals  and  89%  of  base¬ 
line  in  the  hexamethonium  pretreated  animals. 

d.  Discussion; 

Previously,  we  have  reported  that  bolus  injections  of 
WR  194,965*H3P04  produced  a  transient  hypotension  and  tachypnea 
with  reflex  tachycardia  followed  by  a  long- lasting  negative 
chronotropic  effect.  However,  when  WR  194,965"H3P04  was  infused 
slowly  over  a  one  hr  period,  only  the  long-lasting  negative 
chronotropic  activity  was  observed.  In  the  present  study, 
injection  of  WR  194,965-H3P04  over  a  one  min  period  produced  a 
continuous  fall  in  blood  pressure  which  became  maximal  at  the 
termination  of  the  injection.  This  continuous  fall  in  blood 
pressure  may  explain  the  absence  of  the  reflex  tachycardia  and 
the  attenuation  of  the  tachypnea  observed  following  bolus 


Injections.  As  In  the  earlier  study,  the  only  cardiorespiratory 
effect  that  was  not  transient  was  the  negative  chronotroplsm 
produced  by  WR  194,965*H3P04.  Thus  the  reduction  In  heart  rate 
Is  not  dosage-rate  dependent. 

Pharmacological  or  surgical  Interruption  of  the  auto¬ 
nomic  nervous  system  produced  modifications  In  the  cardio¬ 
respiratory  responses  following  WR  194,965*H3P04  Injection.  The 
respiratory  rate  changes  due  to  administration  of  WR  194,965* 
H3PO4  (two-fold  Increase  In  control  animals)  was  reduced  to  only 
a  46?  Increase  in  animals  dosed  after  bilateral  vagoton\y. 
Although  this  attenuation  was  not  statistically  significant.  It 
Is  consistent  with  disruption  of  the  afferent  reflex  responses 
following  bilateral  vagotomy.  Neither  atropine,  hexamethonlum 
nor  propranolol  produced  changes  In  the  respiratory  response. 

Pretreatment  with  hexamethonlum,  atropine  or  bilateral 
vagoton\y  had  little  effect  on  the  hypotensive  response  produced 
by  the  WR  194,965-H3P04  Injection.  However,  pretreatment  with 
propranolol  enhanced  the  magnitude  and  duration  of  the  hypoten¬ 
sive  response  produced  by  WR  194,965*H3P04.  This  study  was  not 
designed  to  determine  the  mechanisms  for  the  Interaction  of 
propranolol  and  WR  194,965*H3P04.  However,  results  of  a  pre¬ 
liminary  study  with  WR  194 ,965*H3P04  In  an  isolated  canine  heart 
preparation  suggest  that  the  drug  has  a  direct  negative  inott'o- 
pic  action,  which  could  account  for  the  hypotensive  response 
observed  following  Injection  of  WR  194,965*H3P04  in  vivo.  This 
negative  Inotropic  action  combined  with  the  conslBe^raFTe  nega¬ 
tive  inotropy  produced  by  the  administered  dose  of  propranolol 
could  explain  the  greater  reduction  In  blood  pressure  produced 
by  WR  194,965*H3P04  following  propranolol.  The  prolonged 
recovery  time  is  most  likely  attributable  to  the  magnitude  of 
the  hypotensive  response,  the  two  drugs'  combined  negative 
Inotropic  activity  and  to  the  elimination  by  beta  adrenergic 
blockade  with  propranolol  of  any  sympathetic  reflex  cardiac 
compensation. 

WR  194,965*H3P04  may  produce  Its  negative  chronotropic 
action  by  Increasing  vagal  tone,  by  decreasing  sympathetic  tone 
and/or  by  decreasing  the  sinoatrial  firing  rate  directly.  The 
pretreatment  regimens  were  selected  for  their  effectiveness  In 
decreasing  sympathetic  and/or  vagal  tone  In  order  to  ascertain 
the  relative  Influence  of  indirect  autonomic  mechanisms  in  the 
negative  chronotropic  vTction  of  WR  194,965-H3P04.  A  signifi¬ 
cant  component  of  the  negative  chronotropism  produced  by 
WR  194,965*H3P04  was  considered  to  be  due  to  a  direct  action 
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on  sinoatrial  fibers  as  none  of  the  pretreatment  regimens  pre 
vented  MR  194,965*H3P04  from  producing  a  significant  decrease 
In  heart  rate. 


Propranolol  pretreatment  did  attenuate  the  negative 
chronotropic  action  of  MR  194,965'H3P04.  However,  this  was 
considered  to  be  a  function  of  the  baseline  heart  rate,  which 
was  reduced  following  propranolol  pretreatment,  rather  than 
due  to  an  elimination  of  a  sympatholytic  effect  of  WR  194, 965’ 
H3PO4.  This  lack  of  a  WR  194, 965 •H3PO4- induced  sympatholytic 
effect  Is  supported  by  our  previous  observation  that 
WR  194,965*H3P04  did  not  modify  the  positive  chronotropic 
action  of  Isoproterenol.  Although  the  baseline  heart  rate  was 
also  reduced,  the  attenuation  in  the  WR  194,965'H3P04  chrono¬ 
tropic  response  by  hexamethonlum  was  considered  to  be  a  result 
of  the  pretreatment,  which  in  addition  to  blocking  sympathetic 
tone  also  blocked  parasympathetic  tone.  This  suggests  that  a 
vagotonic  component  may  contribute  to  the  negative  chrono- 
troplsm  of  WR  194,965-H3P04.  As  anticipated,  bilateral  vago¬ 
tomy  or  atropine  pretreatment,  which  did  not  affect  the  base¬ 
line  heart  rate  In  the  pentobarbital -anesthetized  dogs,  sig¬ 
nificantly  attenuated  the  negative  chronotropism  produced  by 
WR  194.965-H3P04. 

In  conclusion,  WR  194,965'H3P04  had  prominent  cardio¬ 
respiratory  actions' following  Intravenous  injections.  The 
hypotension  and  tachypnea  were  transient  and/or  reflexive 
responses  while  the  negative  chronotropism  was  relatively  long 
lasting.  The  negative  chronotropism  appeared  to  be  a  combina¬ 
tion  response  which  included  a  direct  action  of  WR  194,965- 
H3PO4  on  sinoatrial  fibers  and  an  indirect  action  mediated  via 
the  parasympathetic  nervous  system. 


Development  of  new  antimalarial  drugs. 


Background: 


The  Department  of  Pharmacology  Is  also  charged  with  the 
responsibility  of  writing  Notice  of  Claimed  Investigational 
Exemption  for  New  Drug  (IND)  submissions.  These  include 
planning  and  designing  the  experiments,  and  assembling, 
evaluating,  coordinating  and  correlating  the  data  required  for 
both  the  Initial  submission  and  all  supplementary  submissions 
for  each  drug.  The  data  must  be  continuously  monitored  and 
evaluated  from  both  in-house  and  contract  sources,  as  well  as 
proprietary  and  open  literature  sources. 


Injections.  As  In  the  earlier  study,  the  only  cardiorespiratory 
effect  that  was  not  transient  was  the  negative  chronotropism 
produced  by  WR  194,965*H3P04.  Thus  the  reduction  In  heart  rate 
Is  not  dosage-rate  dependent. 

Pharmacological  or  surgical  Interruption  of  the  auto¬ 
nomic  nervous  system  produced  modifications  In  the  cardio¬ 
respiratory  responses  following  WR  194,965*H3P04  Injection.  The 
respiratory  rate  changes  due  to  administration  of  WR  194,965* 
H3PO4  (two-fold  Increase  In  control  animals)  was  reduced  to  only 
a  46i  Increase  In  animals  dosed  after  bilateral  vagotomy. 
Although  this  attenuation  was  not  statistically  significant.  It 
Is  consistent  with  disruption  of  the  afferent  reflex  responses 
following  bilateral  vagotomy.  Neither  atropine,  hexamethonium 
nor  propranolol  produced  changes  In  the  respiratory  response. 

Pretreatment  with  hexamethonium,  atropine  or  bilateral 
vagotany  had  little  effect  on  the  hypotensive  response  produced 
by  the  WR  194,965*H3P04  injection.  However,  pretreatment  with 
propranolol  enhanced  the  magnitude  and  duration  of  the  hypoten¬ 
sive  response  produced  by  WR  194,965*H3P04.  This  study  was  not 
designed  to  determine  the  mechanisms  for  the  interaction  of 
propranolol  and  WR  194,965*H3P04.  However,  results  of  a  pre¬ 
liminary  study  with  WR  194,965*H3P04  in  an  isolated  canine  heart 
preparation  suggest  that  the  drug  has  a  direct  negative  inotro¬ 
pic  action,  which  could  account  for  the  hypotensive  response 
observed  following  injection  of  WR  194,965*H3P04  in  v i yo .  This 
negative  inotropic  action  combined  with  the  consiBerable  nega¬ 
tive  Inotropy  produced  by  the  administered  dose  of  propranolol 
could  explain  the  greater  reduction  In  blood  pressure  produced 
by  WR  194,965*H3P04  following  propranolol.  The  prolonged 
recovery  time  Is  most  likely  attributable  to  the  magnitude  of 
the  hypotensive  response,  the  two  drugs'  combined  negative 
Inotropic  activity  and  to  the  elimination  by  beta  adrenergic 
blockade  with  propranolol  of  any  sympathetic  reflex  cardiac 
compensation. 

WR  194,965*H3P04  may  produce  its  negative  chronotropic 
action  by  increasing  vagal  tone,  by  decreasing  sympathetic  tone 
and/or  by  decreasing  the  sinoatrial  firing  rate  directly.  The 
pretreatment  regimens  were  selected  for  their  effectiveness  in 
decreasing  sympathetic  and/or  vagal  tone  in  order  to  ascertain 
the  relative  influence  of  indirect  autonomic  mechanisms  in  the 
negative  chronotropic  action  of  WR  194,965-H3P04.  A  signifi¬ 
cant  component  of  the  negative  chronotropism  produced  by 
WR  194,965*H3P04  was  considered  to  be  due  to  a  direct  action 


on  sinoatrial  fibers  as  none  of  the  pretreatment  regimens  pre¬ 
vented  WR  194,965«H3P04  from  producing  a  significant  decrease 
in  heart  rate. 


Propranolol  pretreatment  did  attenuate  the  negative 
chronotropic  action  of  WR  194,965'H3P04.  However,  this  was 
considered  to  be  a  function  of  the  baseline  heart  rate,  which 
was  reduced  following  propranolol  pretreatment,  rather  than 
due  to  an  elimination  of  a  sympatholytic  effect  of  WR  194, 965* 
H3PO4.  This  lack  of  a  WR  194,965*H3P04-induced  sympatholytic 
effect  is  supported  by  our  previous  observation  that 
WR  194,965*H3P04  did  not  modify  the  positive  chronotropic 
action  of  isoproterenol.  Although  the  baseline  heart  rate  was 
also  reduced,  the  attenuation  in  the  WR  194,965-H3P04  chrono¬ 
tropic  response  by  hexamethonium  was  considered  to  be  a  result 
of  the  pretreatment,  which  in  addition  to  blocking  sympathetic 
tone  also  blocked  parasympathetic  tone.  This  suggests  that  a 
vagotonic  component  may  contribute  to  the  negative  chrono- 
tropism  of  WR  194,965-H3P04.  As  anticipated,  bilateral  vago¬ 
tomy  or  atropine  pretreatment,  which  did  not  affect  the  base¬ 
line  heart  rate  in  the  pentobarbital -anesthetized  dogs,  sig¬ 
nificantly  attenuated  the  negative  chronotropism  produced  by 
WR  194,965-H3P04. 

In  conclusion,  WR  194,965'H3P04  had  prominent  cardio¬ 
respiratory  actions' fol lowing  intravenous  injections.  The 
hypotension  and  tachypnea  were  transient  and/or  reflexive 
responses  while  the  negative  chronotropism  was  relatively  long 
lasting.  The  negative  chronotropism  appeared  to  be  a  combina¬ 
tion  response  which  included  a  direct  action  of  WR  194,965- 
H3PO4  on  sinoatrial  fibers  and  an  indirect  action  mediated  via 
the  parasympathetic  nervous  system. 

9.  Development  of  new  antimalarial  drugs. 

a.  Background: 

The  Department  of  Pharmacology  is  also  charged  with  the 
responsibility  of  writing  Notice  of  Claimed  Investigational 
Exemption  for  New  Drug  (IND)  submissions.  These  include 
planning  and  designing  the  experiments,  and  assembling, 
evaluating,  coordinating  and  correlating  the  data  required  for 
both  the  initial  submission  and  all  supplementary  submissions 
for  each  drug.  The  data  must  be  continuously  monitored  and 
evaluated  from  both  in-house  and  contract  sources,  as  well  as 
proprietary  and  open  literature  sources. 


One  new  IND  application  was  written.  It  was  for 
WR  229,870. 


Fifteen  supplements  to  IND  submissions  were  written. 
Two  were  for  combination  drugs  and  the  remainder  was  for  singl 
drugs. 


Eleven  active  contracts  were  closely  guided  by  the 
Department.  These  ranged  from  pharmacological  areas  such  as 
toxicology  and  drug  metabolism  to  those  of  drug  formulation 
and  development  of  methods  to  determine  blood  levels  of  drugs. 


Table  1 

Percent  of  Acetonitrile  In  Various 
Ethylene  Dichlorlde/Hexane  (EC/H)  Ratios 


EC/H 

9/1  +  A** 

EC/H 

4/1  +  A%® 

EC/H 

7/3  +  A«® 

EC/H 

3/2  +  Ar 

EC/H 

1/1  +  A%® 

0 

0 

0 

0 

__b 

0.99 

0.99 

0.99 

0.99 

0.99 

3.8 

3.8 

3.8 

3.8 

3.8 

7.4 

7.4 

7.4 

7.4 

7.4 

H  acetonitrile  added  calculated  as  %  of  final  total  volume. 
^Not  chromatographed. 
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pup 


Mean  and  Standard  Deviation  at  Several  Combinations 


of  Major  and  Minor  Components® 


EC/H/XA 

9/1/0* 

EC/H/*A 
3/2/3. 8* 

EC/H/*A 

3/2/0* 

EC/H/*A 
4/1/3. 8* 

2.738  +  0.61 

2.720  +  .049 

2.776  +  .071 

2.952  +  .084 

1.828  +  .053 

1.763  +  .076 

1.745  +  .051 

1.955  +  .053 

1.361  +  .016 

1.342  +  .042 

1.40  i  .063 

1.482  +  .076 

.702  +  .015 

.678  +  .019 

.698  +  .032 

.741  +  .019 

.350  +  .021 

.314  +  .014 

.366  +  .023 

.365  +  .015 

.196  +  .014 

.171  +  .014 

.186  +  .015 

.202  +  .011 

®EC  Is  ethylene  dichlorlde,  H  is  hexane  and  A  is  acetonitrile. 
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Table  5 

Recovery  of  WR  142,490  from  Spiked  Blood  Samples* 


Blood  Samples  Maintained  at  Room  Temperature 


Number 

of 

Determinations 

Concentration  of 

WR  142.490 
Determined  by 

This  Method 

X  +  Sm 

Actual 

Concentration 
of  the  Prepared 
Samples 

%  Error 

3 

2.427  +  0.080  pg/g 

2.440  pg/g 

-0.53* 

4 

0.828  +  0.016  " 

0.840  " 

-1.43* 

4 

0.397  +  0.004  " 

0.422  " 

-5.92* 

4 

0.064  +  0.001  " 

0.067  " 

-4.48* 

Blood  Samples  Frozen  and  Thawed  to 

Room  Temperature  Before  Analysis 

Number 

of 

Determinations 

Concentration  of 

WR  142.490 
Determined  by 

This  Method 

X  +  Sm 

Actual 

Concentration 
of  the  Prepared 
Samples 

*  Error 

4 

2.334  +  0.009  pg/g 

2.440  pg/g 

-4.34* 

5 

0.777  +  0.006  " 

0.840  " 

-7.50* 

4 

0.405  +  0.005  " 

0.422  " 

-4.03* 

4 

0.072  +  0.003  " 

0.067  " 

+7.46* 

*The  replicates  at  a  given  concentration  were  obtained  as 
aliquots  of  a  given  larger  spiked  pool. 
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Table  6 

Recovery  of  WR  142,490  from  Sptked  Blood  Samples^ 


Number 

of 

Determinations 

Experiment  1 

Concentration  of 

WR  142,490 
Determined  by 

This  Method 

7  +  Sm 

Actual 

Concentration 
of  the  Prepared 
Sampl es 

%  Error 

3 

1.966  0.024  ug/ml 

2.020  yg/m1 

-2.67* 

3 

1.554  +  0.060  "• 

1.515  " 

+2.57* 

3 

0.969  +  0.027  " 

1.010  " 

-4.06* 

3 

0.505  +  0.013  " 

0.505  " 

0.00* 

3 

0.146  +  0.007  ■' 

0.150  " 

-2.67* 

3 

0.061  +0.002  " 

0.040  " 

+22.00* 

Experiment  2 

4 

1.833  ^  0.039  M9/ml 

1.883  ug/ml 

-2.66* 

4 

1.389  +  0.014  " 

1.412  " 

-1.63* 

4 

0.884  +  0.016  " 

0.941  " 

-6.06* 

4 

0.442  +  0.004  " 

0.471  " 

-6.16* 

4 

0.137  +  0.003  •' 

0.141  " 

-2.84* 

4 

0.052  +  0.003  " 

0.047  '• 

+10.64* 

*The  replicates  at  a  given  concentration  were  spiked  individ¬ 
ually  rather  than  being  aliquots  of  a  larger  pool  as  in 
Table  5. 


Excretion  of  Total  Radioactivity  and  Unchanged  Drug  after 
Oral  (PO)  or  Intraperl toneal  (IP)  Administration 
of  Mefloqulne-^^C  (10  mg/kg)  to  Mice* 


Time 

Urine 

Feces 

(hr) 

PO 

IP 

PO 

IP 

0-12 

2.65  (44.3) 

3.66  (39.1) 

13.10  (61.7) 

12.67 

(58.8) 

12-24 

2.47  (23.1) 

2.87  (22.2) 

13.13  (50.4) 

9.54 

(51.0) 

24-36 

4.72  (16.6) 

3.20  (22.6) 

9.14  (32.5) 

12.58 

(43.5) 

36-48 

3.15  (10.2) 

3.12  (15.0) 

7.23  (21.0) 

6.40 

(31.8) 

48-60 

2.34  (10.8) 

2.98  (12.1) 

12.68  (27.9) 

9.52 

(24.6) 

60-72 

1.47  (8.6) 

2.31  (4.5) 

6.54  (30.6) 

6.13 

(24.1) 

72-84 

1.17  (2.9) 

1.55  (7.6) 

3.28  (28.3) 

4.82 

(23.2) 

84-96 

.92  (8.1) 

1.15  (6.9) 

2.44  (22.9) 

3.37 

(12.2) 

96-108 

.52  (6.1) 

,45  (2.8) 

1.60  (14.3) 

1.11 

(11.1) 

108-120 

.27  (-)b 

.38  (-)‘’ 

1.53  (  — )b 

1.50 

(-)b 

120-132 

.20  (-) 

.21  (-) 

.44  (-) 

.34 

(-") 

132-144 

.12  (-) 

.15  (-) 

.79  (-) 

.47 

(->) 

144-168 

.08  (-) 

.13  (-) 

.32  (-) 

.60 

(-) 

168-192 

.04  (-) 

.06  (-) 

.19  (-) 

.30 

(-) 

192-216 

.03  (-) 

.04  (-) 

.16  (-) 

.17 

(-) 

216-240 

.02  (-) 

.02  (-) 

.09  (-) 

.09 

(-) 

i%)  Total 
Excretion 

20.17 

22.28 

72.66 

69.61 

®S1x  mice  were  dosed  per  administration  route,  with  determina¬ 
tions  made  on  the  appropriate  pooled  excreta.  Values  in  paren¬ 
theses  are  the  percentages  of  each  excreta  sample  identified  as 
parent  drug.  The  numbers  to  the  left  of  the  parentheses 
represent  the  percent  of  the  dose  excreted  during  each  time 
period. 

Values  were  too  low  to  measure. 


Table  8 


14 

Concentration  of  C-Drug  Equivalents  In  the  Plasma  and  RBC  of 
the  Mouse  after  a  Single  Oral  Dose  of  Mefloqulne-^^C  (8.4  rog/kg) 


Time 

Drug  Equivalents* 

Plasma 

Red  Blood  Cells 

Total 

Mefloquine^ 

Total 

Mefloquine' 

hr 

_ _ 

4 

0.96 

0.29 

1.69 

0.98 

8 

1.17 

0.19 

1.72 

1.00 

24 

1.55 

0.12 

1.59 

0.70 

48 

0.95 

0.04 

0.78 

0.21 

72 

0.57 

0.02 

0.46 

0.10 

96 

0.48 

<0.01 

0.32 

<0.01 

*S1x  mice  per  time  period  with  a  single  determination  from 
their  pooled  blood. 

^Area  of  radioactivity  on  TLC  plates  of  Rf  corresponding  to 
mefloquine. 


Table  9 


Tissue  Distribution  of  Total  Radioactivity  and  Unchanged  Drug* 


Tissue 

Percentage 

- ^ - 

of  Dose  at 

48  hr 

Submaxlllary  Salivary  Glands 

0.67 

(73) 

0.21 

(66) 

Heart 

0.41 

(47) 

0.23 

(28) 

Lungs 

4.91 

(68) 

2.29 

(72) 

Spleen 

0.56 

(59) 

0.19 

(84) 

Kidneys 

1.91 

(71) 

0.98 

(56) 

Liver 

7.66 

(72) 

6.78 

(62) 

Gall  bladder  +  Bile 

0.11 

(19) 

0.15 

(12) 

Stomach  +  Contents 

2.66 

(65) 

0.82 

(63) 

Small  Intestine  +  Contents 

10.18 

(71) 

5.63 

(54) 

Cecun  +  Contents 

4.03 

(29) 

2.47 

(25) 

Large  Intestine  +  Contents 

5.35 

(38) 

3.36 

(30) 

PI asma 

0.16 

(8) 

0.18 

(4) 

Red  Blood  Cells 

0.14 

(44) 

0.13 

(27) 

Carcasses 

29.21 

(79) 

14.60 

(64) 

Urlne*^ 

8.77 

(34) 

16.42 

(22) 

Feces^ 

15.27 

(53) 

37.52 

(37) 

Total  Recovery  {%) 

91.90 

91.96 

14 

*Mefloqu1ne-  C  was  administered  orally,  10  mg/kg.  Values  In 
parentheses  are  percentage  of  total  radioactivity  represented 
by  unchanged  drug.  Four  mice  were  used  per  time  period,  with 
determinations  made  on  their  pooled  tissues. 

^Cumulative  samples  from  dosing  to  kill-times. 
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Table  10 


14 

Percent  of  WR  177,602-  C  Derived  Radioactivity  Recovered  in  the 
Urine  and  Feces  of  Mice  after  Oral  Administration  of  the  Drug® 


Time  (hr) 

- T3 - B 

Percent  C  Recovered 

Urine 

Feces 

0-12 

7.96 

12.47 

12-24 

0.78 

11.35 

24-36 

8.52 

26.31 

36-48 

2.28 

8.06 

48-60 

1.81 

6.01 

60-72 

0.85 

2.35 

72-96 

0.71 

2.11 

96-144 

0.41 

0.82 

144-168 

0.06 

0.23 

Cumulative  Recovery 

23.38 

69.71 

*WR  177,602-^^C  was  administered  10  mg/kg  orally. 
^Average  of  two  cages  of  4  mice  each. 


Table  11 


Percent  of  Parent  Drug  In  Plasma  per  Time  Period 


Time  (hr) 

%  Unchanged  Drug^ 

12 

81.46 

24 

81.48 

36 

77.34 

48 

81.86 

60 

70.00 

72 

55.88 

96 

37.50 

^Percentage  of  total  plasma  radioactivity  represented 
by  material  of  Rf  corresponding  to  WR  177,602. 
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Table  13 


Partition 

Coefficients  of  WR  177,602® 

Organic  Solvents 

Kp 

Ethylacetate 

140.04  + 

4.13 

Diethyl  ether 

100.46  + 

9.15 

N-Butanol 

96.44  + 

23.59 

Chloroform 

72.94  + 

3.39 

Benzene 

40.98  + 

0.13 

N-Heptane 

1.37  + 

0.03 

Data  represent  means  S.E.M.  of  three  determinations. 
Kp  is  expressed  as  the  ratio  of  the  concentration  of 
drug  in  the  organic  phase  to  that  in  the  aqueous  phase 
(pH  7.4  phosphate  buffer). 


Table  14 


Percent  of  WR  172,435-14c  Derived  Radioactivity  Recovered  In 
the  Urine  and  Feces  of  Mice  After  Oral  Administration  of  the  Drug® 


Time  (hr) 

Percent 

14  b 

C  Recovered 

Urine 

Feces 

0-12 

0.14 

58.00 

12-24 

0.05 

4.40 

24-36 

0.09 

4.00 

36-48 

0.04 

1.40 

48-60 

0.07 

1.50 

60-72 

0.03 

0.80 

72-84 

0.02 

0.90 

84-96 

0.04 

0.40 

96-108 

0.02 

0.90 

108-120 

0.08 

0.50 

120-144 

0.06 

1.30 

144-168 

0.04 

1.20 

168-192 

0.04 

1.10 

Total 

Recovery  {%)^ 

0.72 

76.40 

*WR  172,435-l^C  was  administered  20  mg/kq  orally. 

^Average  of  two  cages  of  4  mice  each. 

cplnal  total  percent  recovery  including  residual  carcasses 
(18.82«)  was  95.94T.. 


11) '19 


Metabolic  Profile  of  WR  1 72,435 •CH3SO3H  in  Mice  Fecal  Extracts 
Before  and  After  Hydrolysis 


Rf* 

Hydrolysis  System 

Parent 

Metabolite 

Before  Hydrolysis 

0.70 

0.43 

Buffer 

0.65 

0.43 

6~glucuronidase 

0.66 

0.43 

B-glucuronii-^^se/ 
aryl  sulfatase 

0.61 

0.43 

0.2  N  HCl 

0.70 

0.46 

*TLC  solvent  system  -  BuOH.’HOACrHgO  (10:1:1). 


Table  16 

WR  1 72,435* CH3SO3H  Equivalents  In  the  Plasma  and  Red  Blood 
Cells  after  Oral  Administration  of  20  mg/kg  of  the  Drug  In  Mice 


Hour 

Plasma 

RBC 

0.5 

0.54 

1.26 

1.0 

1.09 

1.48 

1.5 

2.19 

0.77 

4.0 

1.09 

0.74 

6.0 

0.44 

0.56 

24.0 

0.43 

0.49 

72.0 

0.12 

0.15 

120.0 


0.11 


0.08 


Table  17  -  Continued 


Table  18 


Skeletal  Muscle  23.40  42.20  73.52  83.61  90.04  53.76 


Table  19 
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Figure  1.  Parts  A  and  B.  The  effects  of  solvent  strength  on 

column  retention  times  for  the  candidate  antimalarlal 

WR  1 80,409* H3PO4,  and  Its  Internal  standard,  WR  184,806*H3P04. 

EC  ■  Ethylene  Dichlorlde;  H  ■  Hexane;  A  ■  Acetonitrile;  Peak  I  » 
WR  184,806*H3P04;  Peak  II  =  WR  180,409*H3P04.  Parts  C,  D,  E  and 
F.  The  effects  of  solvent  strength  on  column  retention  times 
with  respect  to  various  acetonitrile  concentrations  on  column 
selectivity  for  the  candidate  antimalarlal  WR  180,409>H3P04,  and 
Its  Internal  standard.  WR  184,806*H3P04.  Peak  I  -  WR  184,806* 
H3PO4;  Peak  II  -  WR  I8O.409.H3PO4. 
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Figure  2.  The  polarity  of  the  solvent  mixture  with  respect  to 
the  ethylene  d1 chloride/hexane  ratio  at  varying  concentrations 
of  acetonitrile  (A).  (1)  Acetonitrile  «  OX;  (2)  Acetonitrile  » 
0.99X;  (3)  Acetonitrile  -  3.8X;  (4)  Acetonitrile  «  7.4X. 
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Figure  4.  Calibration  curves  of  the  ratio  of  the  area  for  the 
chromatogram  of  the  antimalarial  WR  180,409*H3P04  (peak  II)  with 
respect  to  the  area  of  the  chromatogram  of  its  internal  standard 
(peak  I)  at  several  concentrations  (ug/ml)  of  the  antimalarial 
WR  180,409*H3P04.  Four  calibration  curves  (1-4)  were  established 
at  several  combinations  of  major  and  minor  components. 

(1)  4  1  3.8*  (2)  3  2  0*  (3)  3  2  3.8%  (4)9  1  0% 

EC  H  A  EC  H  A  EC  H  A  EC  H  A 

EC  ■  Ethylene  Dichloride;  A  =  Acetonitrile;  H  »  Hexane. 
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Figure  6.  Linear  regression  analysis  of  residual  radioactivity 
versus  time  plot  for  urine  after  oral  administration  of  10  mg/kg 
WR  177,602-HCl  in  mice. 


Figure  7.  Linear  regression  analysis  of  residual  radioactivity 
versus  time  plot  for  feces  after  oral  administration  of  10  mg/kg 
WR  177,602*HC1  in  mice. 
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Figure  11.  Linear  regression  analysis  of  residual  radioactivity 
versus  time  plot  for  urine  after  oral  administration  of  20  mg/kg 
WR  172,435-CH,S0,H  in  mice. 


Figure  12.  Linear  regression  analysis  of  residual  radioacti 
versus  time  plot  for  feces  after  oral  administration  of  20 
WR  172,435-CH,S0-H  in  mice. 


Figure  13.  Linear  regression  analysis  of  residual  WR  172,435 
versus  time  plot  for  feces  after  oral  administration  of  20  mg/kq 
WR  172,435-CH3S03H  In  mice. 
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23.  (U)  The  technical  objectives  include  (I)  The  detemlnatlon  of  biochemical  indices 
that  reliably  predict  drug  Intolerance  in  man.  (2)  The  evaluation  of  effects  of  para¬ 
sites  and  drugs  on  biochemical  mechanisms  as  indices  of  prophylaxis  and  treatment.  (31 
The  gas  chromatographic  -  coupled  mass  spectrometrlc  analysis  of  drugs  and  drug  meta¬ 
bolites.  (4)  Analytical  support  for  special  and  collaborative  projects.  The  prediction 
of  drug  Intolerance,  the  effects  of  drugs  and  Infection  on  biochemical  mechanisms  and 
the  understanding  of  drug  and  drug  metabolite  structure  are  revelant  to  the  Amy's  ma¬ 
laria  and  tropical  disease  program. 

24.  (U)  Tissues  and  fluids  from  animals  will  be  analysed  to  determine  metabolic  pro¬ 
cesses  affected  by  parasitic  diseases  and  therapeutic  and  prophylactic  drugs.  Meta¬ 
bolic  products,  enzymes,  isoenzymes,  nucleic  acids,  lipids,  and  proteins  will  be  the 
prlstary  focus.  Immunochemical,  spectrophotometrlc,  mass  spectrometrlc,  and  chromato¬ 
graphic  methods  will  be  developed  and  utilized  to  analyze  biological  specimens  for 
compounds  of  Interest. 

25.  (U)  77  10  -  78  09  Studies  were  continued  on  the  effects  of  anttmalarias  on  meta¬ 
bolic  and  physiological  parameters.  The  4-qulnoHnemethanols  were  found  to  depress 
thyroid  gland  function.  These  affects  were  not  seen  with  the  phenanthrenemethanols  or 
chloroqulne.  The  study  of  the  effects  of  the  antimalarials  on  lipid  metalu'llsm  was 
initiated.  The  membrane  transport  and  utilization  of  purine  bases  and  nucleosides  by 
normal  and  infected  erythrocytes  and  free  malaria  parasites  have  been  determined  and  th< 
effects  of  antlmalarial  drugs  on  these  parameters  Investigated.  The  analysis  of  drugs 
and  drug  metabolites  by  mass  spectroscopy  was  continued.  For  technical  report  see  WRAIR 
Annual  Progress  Report  1  Oct  77  to  30  Sept  78. 
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Project  3M16770A803  MALARIA  PROPHYLAXIS 


Work  Unit  088  Biochemical  Research  In  Ant Ima I ar I  a  I s 
I nvest  I  gators 

Principal:  Bhupendra  P.  Doctor,  Ph.D 

Associates:  SP/4  Gregory  E.  Burgess;  Kevin  J.  Crossen, 

M.S.;  Seymour  Garson,  Ph.D  Brian  D.  Hansen, 
Ph.D  Leo  Kazyak,  B.S.;  PFC  Gregory  Miller; 
SFC  Evelyn  Moore;  H.  Kenneth  Sleeman,  Ph.D; 
Thomas  D.  WIeland,  B.S. 

The  objective  of  this  work  unit  are  to  study  blochem 
Istry  of  malaria,  and  the  other  paratitlc  diseases,  bio 
chemical  effects  of  ant  ima  1  ar  ia  I  s,  the  biochemistry  of  the 
host -paras  Ite  Interactions  in  the  presence  of  antimalarial 
drugs,  and  the  spec  iat  ion  of  blomolecules  by  mass  spectro¬ 
metry.  Studies  on  T  ry pa  nosoma  rhodes i ense  metabol  Ism  are 
reported . 


1.  The  membrane  transport  of  purine  and  nucleo¬ 
sides  by  the  normal  rat  erythrocyte,  the  P I asmod  I  urn 
berg  he  I -  I n  f ected  erythrocyte,  and  the  free  parasite. 

2.  Biochemical  effects  of  selected  ant Ima I ar ia I s  on 
thyroid  function  in  the  rat. 

3.  Drug  metabol  ism  in  experimental  infection  of 
P I asmod  1  urn  berghe  1  or  T rypanosoma  r hodes 1 ense . 

4.  Lipid  metabolism  In  malaria:  The  identification 
and  quantitation  of  fatty  acids. 

5.  G I uconeogenes  i  s  in  experimental  trypanosomiasis. 

6.  Phthalafe  plasticizers  in  biological  fluids. 

7.  Study  of  drug  metabol ites  by  mass  spectrometry: 

(a)  terbutaline  (b)  methaqua I  one. 

I  .  The  membrane  of  purine  bases  and  nucleosides  by  the 

normal  rat  erythrocyte,  t he  P I asmod lum  bergheT^Infected 
eryt  hrocy te  and  t  he  f  ree  paras  Ite. 

Numerous  Investigators  have  demonstrated  that  the 
species  of  plasmodium  infecting  higher  verfabrates  arc  not 
capable  of  de  novo  purine  synthesis,  although  they  do  syn¬ 
thesize  pyrimidines  (Bungener  and  Nielsen,  1968;  Van  Dyke, 


1977;  Polet  and  Barr,  1968;  Walsh  and  Sherman,  1968). 
Therefore  purines  are  presumedly  supplied  to  the  parasite 
through  the  host  erythrocyte  and  inhibition  of  purine  up¬ 
take  may  provide  an  effective  treatment  for  the  disease. 
Once  these  mechanisms  are  more  completely  understood  key 
points  of  chemotherapeutic  attack  might  be  suggested.  Of 
particular  importance  are  the  food  acquiring  mechanism,  in 
particular  the  membrane  transport  of  the  purine  ring.  The 
purpose  of  the  following  study  was  to  characterize  the 
purine  base  and  nucleoside  transport  systems  In  the 
normal  erythrocyte,  the  P I asmod  i urn  berghe i - i nf ected  eryth¬ 
rocyte  and  the  "free"  malarial  parasite  (isolated  by 
saponin  lysis;  Van  Dyke  et.  al.,  1977).  All  studies  were 
conducted  using  the  rodent  model  ( Sprauge-Daw 1 ey  male 
retired  breeder  rats). 

The  uptake  velocity  of  two  purine  bases  (adenine  and 
hypoxanth i ne )  and  two  purine  nucleosides  (adenosine  and 
inosine)  suggested  to  be  of  nutritional  importance  to  the 
malarial  parasite  (Van  Dyke,  1977)  were  measured  and 
plotted  as  a  function  of  increasing  substrate  concentration 
in  the  normal  erythrocyte,  P I asmod  i  urn  berg  he i -  infected 
erythrocyte  and  free  parasite.  In  all  cases,  a  combination 
of  mediated  uptake  (facilitated  diffusion  and  active  trans¬ 
port)  and  simple  diffusion  were  demonstrated,  with  the 
rate  of  absorption  being  nonlinear  at  low  substrate  con¬ 
centration  (mediation)  and  linear  at  high  substrate 
concentration  (diffusion).  In  addition,  significant  in¬ 
creases  in  the  uptake  of  adenosine  (fig.  I),  hypoxanthine 
(fig.  2)  and  inosine  (fig.  3)  by  infected  erythrocytes  and 
free  parasites  as  compared  to  normal  erythrocytes  were 
demonstrated.  The  relative  uptake  value  by  free  parasites 
for  these  substrates  at  a  concentration  of  0.01  mM  are  as 
fol lows:  Adenosin<Hypoxanthine<lnosine< Adenine. 

The  uptake  of  ^H-labelled  0.01  mM  adenosine,  hypoxan¬ 
thine,  inosine  and  adenine  by  normal  erythrocytes, 
Plasmodium  berghe i - i n f ected  erythrocytes  and  free  parasites 
were  measured  in  the  presence  of  increasing  concentration 
of  unlabelled  adenosine,  hypoxanthine,  inosine  and  adenine 
as  inhibitors  at  a  maxium  inhibitor  to  substrate  ratio  of 
100:1.  The  uptake  of  0.01  mM  -^H-adenos  i  ne  by  normal 
erythrocytes  was  unaffected  by  unlabelled  hypoxanthine  or 
adenine  (Fig.  4).  The  uptake  velocity  of  ^H-hypoxant h i ne 
was  significantly  inhibited  by  unlabeilet  hypoxanthine. 
However,  unlabelled  adenosine,  inosine  and  adenine  had  no 
effect.  Labelled  adenine  was  also  maximally  inhibited  by 
itself  at  a  100:1  inhibitor  to  substrate  ratio  but  was 
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Figure  1 


Figure  2 


Figure  3 


Figure  4. 


The  velocity  of  %-adenoslne  uptake  (V,  ymoles/ 
g  proteln/2  min)  by  normal  erythrocytes  (■),  P^. 
berghel-lnfected  erythrocytes  (A)  and  "free  para¬ 
sites"  (•)  as  a  function  of  substrate  concentration 
(S,  mM) .  Each  point  Is  the  mean  of  three  replicates 
and  the  lines  were  fitted  by  Inspection. 


.  The  velocity  of  H-hypoxanthlne  uptake  (V,  ymoles/ 

g  proteln/2  min)  by  normal  erythrocytes  (■)  JP.  berghel- 
Infected  erythrocytes  (A)  and  "free  parasites"  (•)  as  a 
function  of  substrate  concentration  (S,  mM) .  Each  point 
Is  the  mean  of  three  replicates  and  the  lines  were  fitted 
by  Inspection. 


The  velocity  of  ^^C-lnoslne  uptake  (V,  vimoles/g  proteln/2  min) 
normal  erythrocytes  (■) ,  berghel-lnfected  erythrocytes  (A) 
and  "free  parasites"  (•)  as  a  function  of  substrate  con¬ 
centration  (S,  mM).  Each  point  Is  the  mean  of  three  repli¬ 
cates  and  the  lines  were  fitted  by  Inspection. 


The  velocity  of  0.01  mM  ^H-adenoslne  uptake  (V,  ymoles/g 
proteln/2  min)  by  normal  erythrocytes  as  a  function  of 
Increasing  concentrations  of  unlabeled  adenine  (o)»  hypo- 
xanthlne  (•) ,  Inoslne  (A)  and  adenosine  (■)  as  Inhibitors 
([1],  mM).  Each  point  Is  the  mean  of  three  replicates  and 
the  lines  were  fitted  by  Inspection. 


unaffected  by  other  unlabelled  purines.  Inosine  was  In¬ 
hibited  by  unlabelled  Inosine  and  adenosine  but  unaffected 
by  hypoxanthine  or  adenine.  These  data  are  summerized  In 
table  I.  The  results  Indicate  that  adenosine  may  be 
transported  across  the  plasmolemma  of  the  normal  erythro¬ 
cyte  by  a  common  mediated  transport  system  while  hypoxan¬ 
thine  and  adenine  are  transported  at  separate  Individual 
loci. 


Significant  changes  In  these  purine  transport  Inter¬ 
actions  were  observed  upon  infection  of  the  erythrocyte 
with  P I  a  smod I  urn  berghe I .  The  uptakes  of  labelled 
adenos I ne ,  Inosine  and  hypoxanthine  were  strongly  Inhibited 
by  all  three  of  these  substrates  as  unlabelled  Inhibitors. 
This  would  suggest  a  common  transport  locus  for  all  three 
substrates.  These  data  are  summerized  in  Table  2. 

Similar  interactions  were  observed  for  free  parasites 
and  the  data  summerized  In  Table  3. 

Manandhar  and  Van  Dyke  (1975)  have  demonstrate  that 
adenosine  may  be  deaminated  to  inosine  with  subsequent 
hydrolysis  at  or  on  the  surface  of  the  plasmodial  mem¬ 
brane,  hypoxanthine  being  the  pivotal  purine  for  transport. 
If  such  a  mechanism  is  indeed  operating,  one  would  anti¬ 
cipated  our  observed  decrease  in  adenosine,  inosine  and 
hypoxanthine  uptake  in  the  presence  of  any  of  these  un¬ 
labelled  substrates  as  Inhibitors.  To  further  substan- 
ciate  this  type  of  mechanism,  the  following  experiments 
are  currently  being  conducted  In  our  laboratory. 

1.  A  double  isotope  technique  will  be  used  to 

follow  the  fate  of  purine  and  rlbose  moieties  of  adeno¬ 
sine.  ^C-adenosine  labelled  only  In  the  base  and 
adenoslne  labelled  50^  in  the  base  and  in  rlbose  will 

be  mixed  so  that  the  ratio  of  DPM/mln  * will  be  10:1. 

If  the  ratio  of  the  labels  remain  the  following  uptake, 
the  data  would  Indicate  the  intact  transport  adenosine 
and  probable  converson  to  AMO.  On  the  other  hand,  if 
the  ratio  decreases  following  uptake,  one  might  assume 
deamination  and  hydrolysis  of  adenosine  to  hypoxanthine. 

2.  A  potent  adenosine  deaminase  Inhibitor  (2-de- 
oxycof ormyc i n )  will  be  added  to  the  malarial  cell  sus¬ 
pension  containing  ^H-adenos  ime .  If  the  uptake  of  the 
tritium  label  is  prevented,  the  data  would  suggest  the 
Inhibition  of  adenosine  deamination  and  provide  further 
evidence  of  the  pathway  proposed  by  Manandhar  and  Van 
Dyke  (1975). 


Table  I 


The  effect  of  unlabelled  substrates  on  the  uptake  of  3H- 
labelled  purines  In  normal  rat  erythrocytes.  The  numbers 
represent  the  percent  Inhibilton  of  the  mediated  component 
at  a  100:1  Inhibitor  to  substrate  ratio  with  respect  to  the 
absence  of  the  Inhibitory  purine. 


^H-purlne  Percent  Inhibition  by  unlabelled  Substrate 

(  I  mM) 


(0.01  mM) 

Adenos 1 ne 

Hypoxanth I ne 

1  nos  I ne 

adenine 

Aderios  I  ne 

100 

1  4 

93 

1  2 

Hypoxan- 
th  I  ne 

18 

100 

1  3 

0 

1  nos  I ne 

100 

10 

100 

0 

Aden  I  ne 

0 

0 

0 

1  00 

Table  2 

The  effect  of  unlabelled  substrates  on  the  uptake  of  ^H- 
labelled  purines  In  the  PI asmod I  urn  berghe I  -  I n  f ected  eryth¬ 
rocytes.  The  numbers  represent  the  percent  Inhibition  of 
the  mediated  component  at  a  100:1  Inhibitor  to  substrate 
ratio  with  respect  to  the  absence  of  the  Inhibitory  purine. 


3H-purIne  Percent  Inhibition  by  unlabelled  substrate 

(I  mM) 


(0.  01  mM 

Adenosine  H 

ypoxanth 1 ne 

1  nos  i  ne 

Adenine 

Adenos I ne 

1  00 

75 

1  00 

1  0 

Hypoxan¬ 
th  I  ne 

100 

1  00 

45 

0 

I  nos  I ne 

100 

90 

1  00 

0 

Adenine 

1  8 

1  1 

5 

1  00 

Table  3 

The  effect 

of  unlabelled 

substrated 

on 

the  uptake 

of  ^H- 

labelled  purines  in  free 

paras  I tes . 

The  numbers 

represent 

the  percent 

Inhibition  of 

the  mediated 

component 

at  a  100: 

1  I nh I b I  tor 

to  substrate 

ratio  with 

respect  to  the  absence 

of  the  Inhibitory  purine. 


^H-purlne  Percent  inhibition  by  unlabelled  substrate 

(  ImM) 


lb7T 


(0.01  mM) 

Adenos i ne 

Hypoxanth i ne 

1  nos i ne 

Aden  i  ne 

Adenos ( ne 

1  00 

1  00 

95 

Hypoxan- 
th  1  ne 

95 

1  00 

90 

1  nos  1 ne 

90 

95 

1  00 

Adenine 

0 

0 

0 

2 .  B  t ochem i ca I  ef  f ects  o f  se I ected  ant ima I ar I  a  I s  on 
thyroid  functTon  i n  t he  rat . 

Previous  studies  showed  that  administration  on  the 
4-quinoi  i nemet hano I s ,  mefloquine  (WR  142490)  and  WR  30090, 
produced  a  depression  of  serum  thyroxine  levels.  Work  was 
continued  to  evaluate  the  effects  of  the  4 -qu 1  no  I  1 nemet hano  I  s 
on  thyroid  function  as  a  mode  of  action  of  this  class  of 
drugs.  Rats  were  administered  orally  30  mg/kg  and  120  mg/ 
kg  bodyweight  of  the  anti  malarial  drug  for  5  days.  They 
were  sacrificed  on  day  6  and  the  blood  and  tissues  collected. 
Serum  T4,  T3  uptake  take  and  TSH  were  determined  by  RIA. 

Body  and  thyroid  weights  were  recorded. 

Results  of  thyroid  function  tests  after  drug 
administration  are  shown  in  Table  4  .  The  serum  T4  was 
decreased  significantly  when  compared  with  controls,  by 
both  WR  142490  and  WR  30090  at  doses  of  either  30  or  120 
mg/kg  body  weight.  1  he  serum  T3  was  decrease  significantly 
also  except  for  the  30  mg/kg  dose  of  WR  142490.  T3  uptake, 
a  measure  of  protein  combining,  was  unchanged  by  these  drugs. 
TSH  levels  were  measured  only  after  30  mg/kg  of  WR  142490, 
but  were  significantly  increased  (p<.00l)  at  that  drug 
concentration.  Thyroid  weights  per  100  g  body  weight  in¬ 
creased  significantly  (p<.0‘j).  Chloroquine  and  WR  33063  , 
a  p hena nt h renemen t ha  no  I ,  at  similar  dose  regines  did  not 
affect  significantly  the  serum  T4  and  r3  levels. 

Studies  indicate  a  direct  relationship  between  P. 
berghei  infection  anil  thyroid  function  in  mice  and  rat. 

S  hoema  ker  (1974  )  reporled  that  pretreatment  of  mice  with 
propylthiouracil  (PTU),  a  thyroid  blocking  agent,  prior 
to  infection  suppressed  parasitemia  and  lengthened  survival 
time.  This  has  been  confirmed  in  our  laboratory.  The  pre- 
treatment  of  mice  prior  to  P.  borghe  i  infection  with  Apg/ 
day  T4  for  I  week  increased  parasitemia  and  shortened  sur¬ 
vival  time,  (Table  ^)  ,  while  the  P.  berghei  infection  in 
rats  produced  a  rapid  fall  in  serum  T4  levels  to  below  de¬ 
tection  levels  and  a  progressive  de  crease  in  T5. 


Table  4 


Serum  levels  of  T4,  T3,  and  TSH  and  T3  uptake  after  the 
administration  of  4-qu I  no  I  I nomethano I s  to  rats. 

Drug  adm I n I stered  I n  mg/kg  body  weight 


WRI42490  WR30090 


Test 

0 

30 

120 

30 

120 

ug/d  1 

9.9+3.  1 

7.3+1 .8 

p<  .  0  1 

4.5+1 .7 

p<  .  0  1 

4.7+1  .4 
p<e .  00  1 

4.  1+0.8 

p<  .  00 1 

T3 

ng/d  1 

65+16 

52+1  7 

n  .  s . 

33+1  7 

p< . 00 1 

31  +  1 

p< . 00 1 

26+5 

p<00 

T3  up¬ 
take 

91+7 

89+1  5 

87+  1  2 

93+20 

85+1  2 

ng/d  1 

n .  s . 

n .  s . 

n .  s . 

n .  s . 

TSH 

327+33 

1 520+448 

units 

p< . 00 1 

Table  5 

Survival 

Time  of 

Mice  Infected  with  P. 

be rghe  I 

Exper I menta I 
Cond It  I ons 


Mean  Survival 
Time  In  Days 


Infected  Control 
Treatment  with  T4 
Treatment  with  PTU 


6 

4.5 

7.2 


3 .  Drug  I n  experimental  I nf ect Ions  with  or  T rypanosoma 
rhoaesTense . 


Functional  Impairment  of  the  liver  in  malaria,  as 
well  as  trypanosomiases,  has  been  adequately  documented 
Nevertheless,  relatively  little  Information  exists  con¬ 
cerning  the  effects  of  these  diseases  states  on  drug 
metabolism.  Within  recent  years.  It  has  became  Increas 
ingly  evident  that  most  drugs  are  metabolized  primarily 
in  the  liver  by  enzymes  comprising  the  m I xed-f unct I  on 
oxidase  system.  The  present  study  was  undertaken  to 
determine  in  infection  with  T rypanosoma  rhodes I ense  or 
P I asmod I  urn  berghei  in  the  rat  Is  accompan  t  ed  by  changes 
T7i  rats  of  metabolism  of  selected  drugs. 

Studies  were  initiated  to  Investigate  the  drug 
metabolizing  ability  of  the  host  during  Infection  with 
P.  berg he  I .  The  ability  fo  metabolize  a  drug  could  in- 
Tluence  effective  drug  therapy.  Drugs  that  depend  upon 


metabolic  conversion  for  activity  would  have  their  ef¬ 
fectiveness  diminished,  while  these  active  per  se  may 
reach  toxic  level  do  to  a  diminished  rate  of  blotrans- 
formatlon.  Preliminary  studies  were  conducted  by  com¬ 
paring  paralysis  time  of  rats  and  mice  after  the  I.P. 
injection  or  Zoxasolamlne  (100  mg/kg  body  weight). 
Zoxasolamlne  is  a  central  nervous  depressant  which  Is 
rapidly  metabolized  (Burns,  J.J.  et.  al  1958).  When 
non-Infected  rats  were  compared  with  rats  Infected  with 
P.  berghe I ,  it  was  found  a  prolonged  paralysis  time  for 
The  Intec+ed  rats.  A  similar  experiment  with  mice  show¬ 
ed  a  direct  correlation  between  paralysis  time  and 
percent  of  parasitemia,  which  Indicated  a  progressive 
decrease  in  drug  metabolism  with  increasing  parasitemia. 
Also,  both  Zoxasolamlne  paralysis  time  and  ethanol 
toxicity  were  extended  over  controls  in  T ry panosoma 
rhodes I ense  in  the  rat.  Work  will  be  continued  with 
emphasis  on  the  role  of  the  microsomal  enzymes. 

4 .  Lipid  metabo I  i  sm  i  n  malaria;  the  I ndent I f I  cat  I  on  and 
quantitation  of  fatty  acids. 

The  source,  uptake,  and  utilization  of  lipids  by  the 
malarial  parasite  a4id  the  effects  of  the  antimalarial 
drugs  on  these  processes  need  clarification.  Recent 
technological  advance  in  gas  chromatography,  which 
Include  pyrolytic  methlation  and  increased  sensitivity, 
have  made  these  studies  feasible.  Studies  underway 
Involve  the  extraction  and  the  chromatography  of  the  fatty 
acids  from  the  plasma  and  erythrocytes  of  non-infected 
and  P^.  berghe  1  infected  rats  and  from  free  parasites. 

Fatty  acid  of  carbon  lengths  of  C14  to  C20  and  having  I 
to  4  unsaturated  sites  have  been  identified;  other  struc¬ 
ture  will  be  identified,  C20  ‘•'o  C24  with  I  to  6  unsaturated 
sites,  as  standards  are  available.  The  separation  of  the 
octadecanolc  fatty  acids,  oleic  and  cis  vacenic.  Is  being 
developed  since  these  fatty  acid  are  found  in  malaria 
Infections.  With  the  use  of  an  internal  standard, 
heptadecono i c  acid,  the  sensitivity  of  the  method  is  2 
to  5  ug  lipid  on  column. 

5.  G I uconeogenes i s  I n  experl menta I  Trypanosomiases. 

Terminal  hypoglycemia  accompanied  by  reduced  or 
depleted  hepatic  glycogen  reserves  is  a  prominent  feature 
of  African  trypanosomiases  in  various  experimental  animals. 
Excessive  levels  of  blood  lactic  acid  have  also  been 
observed.  However,  the  mechanisms  underlying  these  meta¬ 
bolic  changes  remain  obsecure.  In  this  regard,  glucose 


consumption  by  the  parasites  Is  generally  regarded  as  an 
Insignificant  contributory  factor. 

Blood  glucose  homeostasis,  under  the  Influence  of 
severil  regulatory  hormones.  Is  essentially  based  on  the 
fol lowing  metabolic  events:  I)  release  from  performed  gly¬ 
cogen;  2)  recycling  of  glucose-derived  Intermediates  such 
as  lacTii  +  e,  pyruvate  and  glycerol;  and  3)  de  novo  glucose 
synthesis  .'rom  precursor  amino  acids.  Accordingly,  the 
present  ^tuuy  was  undertaken  to  examine  the  possibility 
that  terminal  hypoglycemia  In  experimental  trypanosomia¬ 
ses  Is  basically  associated  with  an  impairment  of  hepatic 
g I uconeogenes I s . 

Clone-derived  stabllates  of  Trypanosoma  rhodeslense 
(Wellcome  strain)  were  used  to  produce  f^ulmlnant  and  rap- 
Idly  fatal  Infections  In  rats,  usually  of  3  days  duration. 
Inoculations  were  administered  I ntraper I tonea I  I y  and  con¬ 
tained  approximately  5  x  10^  trypanosomes.  Plasma  glucose 
values  In  these  animal  on  the  last  day  of  Infection  were 
usually  one-third  to  one-fourth  the  values  obtained  from 
non-Infected  controls.  Other  determinations,  currently 
In  progress,  pertain  to  hepatic  to  glycogen  content  and 
the  levels  of  activity  of  four  obligatory  gluconeogenic 
enzymes,  namely,  glucose  6  -  phosphatase,  fructose  -  1,6 
-  d  I  phosphatase ,  phosphoeno 1  pyruvate  carboxy  kinase,  and 
pyruvate  carboxylase.  Recently,  a  more  chronic  form  of 
the  Infection  produced  by  the  EATRO  1886  strain  of  T. 
rhodes I ense  was  aiso  included  in  this  study.  This  will 
permit  analyses  of  sequential  changes,  if  an,  occurring 
In  various  gluconeogenic  mechanisms  during  the  course 
of  infection. 

6.  Phtha I  ate  plasticizers  i  n  biological  fluids. 

The  confusion  regarding  phthalate  toxicity  has 
cleared  somewhat  In  the  wake  of  rather  extensive  re¬ 
search  during  the  last  five  years,  and  most  of  the 
remaining  allegations  of  phthalate  toxicity  are  largely 
conjectural.  While  phthalates.  In  general,  and  bis-diethyl 
hexyl  phthalate  (DEHP),  In  particular,  are  regarded  as 
relatively  non-toxic,  concern  has  been  repeatedly  express¬ 
ed  for  the  large  amounts  of  DEHP  found  in  whole  blood  and 
plasma  stored  in  polyvinyl  chloride  containers.  The 
belief  that  DEHP  may  be  converted  to  some  more  toxic 
metabolite  has  prompted  studies  in  rats  and  ferrets.  Al¬ 
though  some  morphological  and  histological  changes  were 
observed  In  these  animals  (Lake,  1975)  after  daily 
administration  of  DEHP  for  21  days,  no  symptoms  of  acufe 
Intoxication  were  evident  at  any  time.  In  this  regard. 


only  one  group  of  European  researchers  have  reported 
possible  toxicity  with  phthalates  (Neergaard,  1971). 

They  associated  diethyl  phthalate  with  the  occurence  of 
hepatitis  In  four  patients  who  were  undergoing  hemodia¬ 
lysis  at  the  time.  DIethly  phthalate  was  found  In  the 
polyvinyl  chloride  tubing  used  In  the  procedure,  and  the 
hepatitis  was  attributed  to  this  plasticizer  because  It 
was  unique  to  a  system  and  no  further  problems  were  ex¬ 
perienced  once  the  tubing  was  replaced.  However,  diethyl- 
phthalate  Is  not  commonly  found  In  polyvinyl  chloride 
tubing  used  for  medical  purposes,  and  It  has  not  been 
reported  as  a  metabolite  or  metabolic  intermediate.  In 
some  Instances  mono-ethyl  hexyl  phthalate  has  been  detect¬ 
ed  In  urine  from  animals  after  a  high  dose  regimen  over 
an  extended  period.  However,  In  our  work  with  blood  and 
plasma  from  humans,  only  DEHP  has  been  found. 

Reported  data  on  the  amount  of  DEHP  present  In  blood 
stored  In  polyvinyl  chloride  bags  are  consistent.  For 
example,  twenty-one  days  after  being  stored  at  4®  C, 
whole  blood  was  found  to  contain  0.05-0.07  mg.  DEHP  per 
ml.,  and  plasma  concentrations  were  as  high  as  0.20  mg. 
per  ml.  The  plasticizer  tends  to  concentrate  In  the 
lipoprotein  fractions  of  the  blood  (Jaeger,  1970;  Jacobson, 
1974).  Expired  human  whole  blood  obtained  from  the  blood 
bank  contained  0.064  mg.  DEHP  per  ml  which  agress  with 
our  data.  When  this  blood  was  perfused  through  a  pig 
liver  to  determine  what  metabolites  might  be  formed,  the 
level  of  DEHP  dropped  to  0.014  mg.  per  ml.  Although  the 
superior  vena  cava  was  ligated,  the  observed  drop  in  DEHP 
blood  level  could  be  attributed.  In  part,  to  dilution 
with  blood  already  In  the  pig's  liver.  However,  consider¬ 
ing  the  large  amount  of  blood  perfused  (more  than  a 
liter),  it  Is  more  likely  that  most  of  the  DEHP  was 
actually  removed  by  the  liver.  We  observed  a  simiiar 
decrease  in  blood  level  of  DEHP  after  a  unit  of  blood 
plasma  was  administered  to  a  patient  during  hemodialysis. 
The  plasma,  as  it  came  from  the  polyvinyl  chloride 
container,  contained  0.082  mg.  DEHP  per  ml.,  and  this 
produced  an  Increase  in  the  patient  from  0.55  ug/ml  to  2. 

70  ug/ml.  Within  an  hour,  the  level  had  dropped  about 
50/i  to  1.30  ug,  DEHP  per  ml.  No  metabolites  were  de¬ 
tected  In  the  blood  from  the  patient,  or  from  the  blood 
perfused  throught  the  pig  liver.  DEHP  has  been  reported, 
by  other  Investigators  (Jaeger,  1972),  to  be  stored 
Intact  In  the  liver.  This  conclusion  was  based  on  the 
fact  that  human  tissue  obtained  at  autopsy  was  found  to 
contain  small  amounts  of  the  plasticizer  although  the 
deceased  did  not  received  any  recent  transfusion  or  had 
any  history  of  hemodialysis.  DEHP  Is  readily  excreted 


intact,  and  when  rats  were  given  I labeled  DEHP,  all 
of  the  radioactivity  could  be  accounted  for  In  the  urine 
and  feces  within  the  first  96  hours.  Very  little  radio¬ 
activity  remained  in  the  tissues.  While  small  amounts  of 
the  DEHP  appears  to  be  retained  In  lipid  deposits  of 
tissues,  there  Is  no  evidence  of  any  significant  accummu- 
I  at i ons . 

Although  there  seems  to  be  no  imminent  health  threat 
from  the  use  of  polyvinyl  chloride  products  where  normal 
human  beings  are  concerned,  the  possibility  that  subtle 
toxicity  may  become  more  pronounced  In  debilitated  persons 
has  prompted  further  study  on  patients  with  renal  disease 
or  Injury.  Work  continues  in  an  effort  to  complete  ana¬ 
lyses  on  a  series  of  plasma  specimens  from  kidney  trans¬ 
port  patients.  If  the  data  from  these  patients  are  not 
significantly  different  from  the  data  already  available 
on  normal  patients,  the  study  will  be  terminated,  at 
least  until  a  specific  toxic  agent  can  be  determined  that 
relates  to  DEHP. 

7.  Study  of  Drug  Meta  bo  I  i tes  by  mass  spectrometry :  ( a  ) 
Terbuta I  I ne  ( b )  Methaqua I  one . 

(a)  The  recent  introduction  of  terbutaline,-(3',5'- 
d i hydroxpheny I ) -2- ( ter .  butylamino)  ethanol,  and  Its 
widespread  use  in  the  treatment  of  asthma  has  stimulated 
interest  in  the  pharmacodynamics  of  this  drug.  Efforts 
are  being  made  ot  develop  more  simple,  routine  methodo¬ 
logy  to  pursue  these  studies,  but  at  the  moment,  gas 
chromatography  wt i h  chemical  ionization  mass  spectrometry 
seems  to  be  the  only  viable  means  to  reliably  detect  the 
few  nanograms  of  drug  in  plasma.  Moreover,  there  is  in¬ 
dications  of  a  metabolite  being  present  in  the  plasma,  and 
this  is  being  further  investigated  in  an  attempt  to 
correlate  this  information  with  the  levels  of  unchanged 
drug.  Preliminary  attempts  at  extraction  of  the  drug 
from  plasma  utilizing  ion-pair  technology  were  encourag¬ 
ing,  and  although  chemical  ionization-mass  spectrometry 
has  not  been  applied  as  yet  in  our  work,  excellent  mass 
spectra  were  obtained  in  the  electron  impact  mode  with 
100  ng.  However,  the  limit  of  sensitivity  was  about  20 
ng  which  is  not  adequate  to  direct  therapeutic  doses. 

A  number  of  plasma  specimens  for  this  study  have 
already  been  collected,  and  the  analysis  of  these  samples 
will  commence  as  soon  as  standardization  procedures  have 
been  completed  on  the  mass  spectrometer  in  the  chemical 
Ionization  mode. 

(a)  Some  work  still  continues  on  methaqua lone. 


because  specimens  from  a  case  of  methaqualone  Intoxi¬ 
cation  were  made  available  for  study.  The  documentation 
of  the  circumstances  and  sample  collections,  as  well  as 
the  fact  that  the  Individual  survived,  present  an  Inter¬ 
esting  follow-up  to  the  data  publ'shed  In  our  previous 
study.  Analyses  have  already  been  completed  on  the  speci¬ 
mens  submitted,  and  the  data  are  being  prepared  for 
pu  bl I  cat  Ion . 


To  summarize  these  data,  blood  contains  unchanged 
methaqualone  and  2-methy I -3-t2- ( hydroxymethy I  )  phenyl j- 
4  (^H)-qu I nazo I i none (metabo I  I te  I)  after  an  acute  In¬ 
toxication,  and  the  latter  Is  present  In  higher  concen¬ 
trations  than  the  methaqualone.  This  relationship 
persists  while  the  person  remains  In  deep  coma,  after 
which  the  concentration  of  metabolite  I  decreases  below 
that  of  the  methaquiaone  as  the  patient  begans  to 
respond  to  stimuli.  2-methyl-5-0-tolyl-6-hydroxy-4(^H)- 
qu I nazo I  I  none  (methabollte  V),  which  Is  normally  excreted 
In  urine  after  a  therapeutic  dose,  Is  not  excreted  to  any 


measurable  extent  in  either  the  blood  or  urine.  2- 
methy  I -3- ( 2-met hy I -4-hy d roxy  phenyl  ) -4 ( ) -q u i na zo I  I  none 
(metabolite  IV)  appears  to  be  the  principal  metabolite 
In  the  urine,  and  the  large  amount  of  this  metabolite 
could  be  dose  related.  Finally,  our  observations  that 
2-hydroxy  met hy I -3-0-to I y I -4 ( ) -qu I na zo I i none  (metabolite 
II)  Is  present  in  comparatively  high  concentrations  only 
a  few  hours  after  injection  of  the  drug,  were  confirmed 
by  data  from  this  case.  The  metabolite  pattern  follow¬ 


ing  Intoxication  appears  to  be  a  sharp  contrast  to  that 
produced  by  therapeutic  doses.  This  tends  to  reinforce 
our  contention  that  an  analysis  for  the  metabolites  is 


as  Important  as  the  analysis  for  unchanged  drug  in  at¬ 
tempting  to  establish  the  severity  of  an  intoxication. 
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23.  {U1  To  determine  the  effect  of  conventional  and  experimental  antimalarials  in  the 
treatment,  prophylaxis,  and  tr.msraission  of  drug-resistant  falciparum  malaria.  To  de¬ 
fine  vector  species  iuid  bionomics  which  influence  the  transmission  of  malaria  and  to 
develop  rationales  for  vector  control.  To  characterize  the  cellular  immune  response  of 
patients  infected  with  malaria.  To  establish  strains  of  human  plasmodia  in  continuous 
in-vitro  culture.  To  evaluate  candulate  antimalarial  drugs  against  simian  malaria. 

24.  1111  US  Army  investigational  antimalarial  drugs  are  compared  with  standard  drugs  in 
treatment  of  drug  resistant  falcipariun  malaria  in  hospitalized  human  voliuiteers.  Lympho¬ 
cytes  from  malaria- inf ccted  patients  are  isolated  and  their  response  to  malarial  anti¬ 
gens  characterized.  Continuous  in-vitro  culture  of  1^.  falciparum  is  performed.  Chemo¬ 
therapeutic  drugs  are  studied  in  rhesus  monkeys  with  £.  c.vnonK)  1  g i . 

25.  (II)  77  10  -  78  09  Mefloquine  treatment  of  falciparum  nvilaria  continued  to  result  in 
radical  cure  of  all  patients  studied.  Mefloquine  also  cured  acute  attacks  of  vivax  nuila- 
ria,  although  it  was  not  sporont i cidal  against  cither  infection.  Fansidar  in  two  dosages 
was  found  to  be  ineffective  in  terminating  the  acute  attack  of  vivax  malaria.  P.  fa  lei - 
parum  but  not  P.  viv.ax  gametocytenua  was  stimulated  by  Fansidar,  an  effect  which  may 
contribute  to  the  spre.ad  of  falciparum  infections.  An  in  vitro  microtechnique  for  the 
determination  of  chloroquine  resistance  in  P.  falciparum  was  more  useful  than  the  stan¬ 
dard  technique.  Characterization  of  the  response  of  lymphocytes  for  malaria  -  infected 
patients  to  non  specific  mitogen  and  malaria  antigen  continued.  Isolation  of  malarial 
antigen, starting  with  a  technique  for  production  of  erythrocyte-free  intact  parasites, 
was  in  progress.  The  rhesus  monkey  c\niomolgi  system  was  used  to  test  70  drugs  for  schi- 
zonticidal  and/or  radical  curative  effects.  Final  definitive  testing  of  WR2i5448  in 
this  system  was  continuing.  For  technical  report  see  Walter  Reed  Army  Institute  of 

>  Pc’  77-50  .Sep  78. _ 
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1 .  Sporontocidal  Effect  of  Antimalarials  in  P.  vivax 
Malaria 

OBJECTIVE:  To  determine  the  effect  of  several  therapeutic 
regimens  upon  the  sexual  and  sporogonic  cycles  of  Plasmodium  vivax. 

BACKGROUND :  In  the  therapy  of  malaria,  three  effects  are  hoped 
?oFi  First ,  the  antimalarial  should  terminate  the  parasitemia 
and  symptomatology  of  the  acute  attack.  Secondly,  the  exoerythro- 
cytic  phase  of  relapsing  infections  should  be  eliminated  in  order 
to  obviate  the  possibility  of  relapse.  Thirdly,  transmission  of 
the  infection  by  a  vector  mosquito  from  the  patient  under  therapy 
to  an  uninfected  individual  should  be  prevented;  i.e.,  gametocytes 
should  be  eliminated  or  rendered  non- infectious.  The  first  effect 
has  been  studied  and  reported  upon  elsewhere  in  this  \nnual  Report. 
The  second  effect  has  not  been  examined  at  this  facility.  The 
third  effect  is  the  subject  of  the  current  report. 

Treatment  of  falciparum  malaria  with  Fansidar,  and  other  sulfon¬ 
amides,  has  been  seen  to  result  in  an  increase  in  gametocyte- 
positive  individuals  as  well  as  an  increase  in  the  intensity  of 
gametocytemia.  Fansidar  has  been  used  in  great  quantities 
recently  in  Thailand  for  the  therapy  of  malaria,  both  falciparum 
and  vivax.  Whether  ^metocyte  stimulation  occurs  with  P^.  vivax 
has  not  previously  been  investigated. 

Mefloquine  hydrochloride,  a  new  antimalarial  developed  by  the 
U.S.  Army's  Drug  Development  Program,  has  not  been  studied  in 
the  field  in  vivax  infections.  Its  effect  upon  gametocytemia 
and  infectivity  of  gametocytes  has  not  been  evaluated  previously. 

METHODS :  The  study  was  initiated  at  the  Phrabuddhabat  Hospital, 
Saraburi  Province  and  continues  at  the  Phraya  Paholpolpayidiasena 
Hospital  in  Kanchanaburi  Province.  The  usual  conditions  for 
admission  of  patients  to  AFRIMS  therapeutic  trials  were  observed. 
Patients  were  assigned  to  therapy  groups  using  one  of  the  following 
treatment  regimens:  Mefloquine  hydrochloride,  Fansidar  in  either 
a  two-tablet  or  a  three-tablet  dose,  chloroquine,  chloroquine 
plus  a  short  course  of  primaquine,  and  pyrimethamine  alone. 

Before  the  initiation  of  therapy,  and  on  Days  1,  7,  14  and  21 
after  therapy,  bO  laboratory  reared  Anopheles  balabacensis  and  bO 
Anopheles  maculatus  (IMR  strain)  were  allowed  to  feed  on  patients, 
wo  species  of  vector  mosquitoes  were  used  for  comparison  of 
susceptibility.  Ten  mosquitoes  from  each  species  were  withheld 
for  determination  of  longevity  (subject  of  a  separate  report). 
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TABLE  2 

Percent  of  Patients  Giving  Rise  to  At  Least 
One  Positive  Mosquito  Feed 


Therapy 

Before  Therapy 
(Day  0) 

After  Therapy 
(Day  1) 

Mefloquine 

47% 

41% 

Fans i da r  (2  tablets) 

25% 

50% 

Fansidar  (3  tablets) 

64% 

67% 

Chloroquine 

48% 

22% 

Chloroquine  +  Primaquine 

56% 

4% 

Pyrimethamine 


60% 
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Mosquitoes  were  also  fed  on  uninfected  volunteers  for  simultaneous 
control.  Mosquitoes  were  dissected  7  and  14  days  after  feeding. 

Guts  and  glands  were  examined  for  oocysts  and  sporozoites,  and 
oocyst  indices  and  sporozoite  densities  were  determined. 

RESULTS ;  The  groups  were  similar  in  the  rate  of  positivity  of 
mosquito  feeds,  both  in  oocysts  and  sporozoites,  prior  to  initia¬ 
tion  of  therapy  (Table  1),  In  general.  Anopheles  balabacensis 
was  more  likely  to  become  infected  than  Anophel^  maculatus  fed 
upon  the  same  patient.  The  group  treated  with  two  tablets  of  i 
Fansidar  were  less  likely  to  infect  mosquitoes  fed  before  treatment, 
however.  There  is  no  obvious  reason  for  this  finding. 

After  therapy,  on  day  1,  patients  treated  with  Fansidar  or  with 
pyrimethamine  alone  were  more  likely  to  give  rise  to  mosquito 
infections  than  patients  treated  with  mefloquine,  chloroquine,  or 
chloroquine  plus  primaquine.  Patients  who  had  been  treated  with 
primaquine  in  addition  to  chloroquine  infected  no  mosquitoes, 
even  after  only  a  single  dose  of  primaquine  (15  mg.).  The  three 
tablet  dose  of  Fansidar  has  an  apparent  association  with  increased 
mosquito  positivity. 

As  expected,  gametocytes  disappeared  quickly  after  therapy,  along 
with  the  asexual  forms.  Except  for  patients  in  the  two-tablet 
Fansidar  group  who  were  positive  on  day  7  and  patients  who  relapsed 
there  were  no  gametocyte-positive  patients  available  for  mosquito 
feeding  after  day  1 . 

When  patients  were  examined  in  terms  of  producing  at  least  one 
positive  mosquito  infection  (Table  2)  groups  were  once  again  similar 
prior  to  therapy,  with  the  note  again  that  the  group  who  later 
received  two  tablets  of  Fansidar  produced  a  generally  lower 
infectivity  rate.  After  therapy  .fewer  patients  from  the  chloroquine 
and  chloroquine-  primaquine  groups  infected  mosquitoes.  In  fact, 
the  single  dose  of  primaquine  was  associated  with  only  one 
mosquito  infection. 

Data  are  still  being  collected  from  this  study  and  a  similar 
examination  of  P^.  falciparum  is  underway. 

2.  Treatment  of  the  Acute  Attack  of  Malaria  Caused  by 
Plasmodium  vivax:  A  Comparison  of  Mefloquine  with 
Standard  TherapY  ~ 

OBJECTIVE :  To  coiniare  the  effect  of  several  antimalarials  upon 
sexual  and  asexual  parasitemia  with  £.  vivax  in  naturally  infected 
individuals. 
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BACKGROUND :  Standard  therapy  for  P^.  vlvax  infections  in  Thailand 
consists  of  1,500  mg.  of  chloroquine  administered  over  the  course 
of  three  days  in  G-6-PD  normal  Individuals.  Other  therapy 
occasionally  used  includes  Fansidar  (sulfadoxine-pyrimethamine) , 
and  in  some  cases  pyrimethamine.  Mefloquine  hydrochloride,  a 
new  antimalarial  developed  by  the  U.S.  Army's  Antimalarial  Drug 
Development  Program,  has  been  shown  to  be  useful  in  the  therapy 
of  the  acute  vivax  attack  in  American  volunteers  (1).  It  had  no 
effect  in  the  prevention  of  relapse;  however,  Mefloquine  has  also 
been  shown  in  several  studies  to  be  highly  effective  both  in 
laboratory- induced  and  naturally  acquired  infections  of  K  falciparum. 

Primaquine,  aside  from  its  activity  in  the  prevention  of  relapse 
of  infections  with  £.  vivax,  is  also  gametocytocidal  against  the 
sexual  forms  of  both  vivax  and  P^.  falciparum.  The  gametocytocidal 
effect  is  apparent  after  very  small  doses  of  the  preparation. 

HiTHODS ;  The  study  has  been  underway  at  two  malaria- endemic  areas 
in  Thai  land.  The  project  was  initiated  at  the  Phrabuddhabat 
Hospital,  in  Saraburi  Province  and  later  moved  to  the  Phraya 
Paholpolpayuhasena  iiospital.  The  Kanchanaburi  Provincial  Hospital. 
Patients  were  admitted  cither  from  the  out-patient  department  of 
the  hospital  or  from  the  passive  detection  center  of  the  National 
Malaria  Eradication  Project.  The  usual  conditions  for  acceptance 
of  subjects  to  chemotherapeutic  trials  were  applied.  Patients 
were  randomly  assigned  to  one  of  the  following  therapeutic 
regimens : 

1.  Mefloquine  hydrochloride,  single  dose  1,500  mg.,  p.o. 

2.  Fansidar,  single  dose:  a)  two  tablets,  b1  three  tablets. 

3.  Chloroquine  1,500  mg.  Total  dose  p.o.,  administered 
over  three  days. 

4.  Chloroquine,  1,500  mg.,  as  above  plus  primaquine  15  mg. 
daily  for  five  days. 

5.  Pyrimethamine,  in  dos-ages  ranging  between  50  and  150  mg. 

Patients  were  normally  retained  in  the  hospital  until  clearance 
of  parasitemia  and  clinical  symptoms.  They  were  followed  weekly 
for  28  days,  .and  at  their  final  visit,  they  were  given  primaquine 
15  mg,  daily  for  14  days. 
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RESULTS :  One  hundred  thirteen  patients  have  been  studied  (Figure  1). 
It  soon  became  apparent  that  Fansidar,  in  either  dosage,  was 
ineffectual  treatment  for  vivax  malaria.  The  cure  rate  for  the 
two-tablet  dose  was  unacceptable  and  parasite  clearance  time  for 
the  three-tablet  dose  was  markedly  longer  than  that  for  mefloquine 
or  chloroquine.  This  is  the  subject  of  a  subsequent  report. 
Pyrimethamine  was  studied  in  order  to  document  the  resistance  of 
the  parasite  to  this  conponent  of  Fansidar.  Mefloquine  was 
found  to  be  effective  in  the  elimination  of  parasites  and  fever 
in  the  31  patients  studied.  Fever  and  parasite  clearance  times 
obtained  with  mefloquine  were  similar  to  those  associated  with 
chloroquine.  Pyrimethamine  in  several  dosages  was  found  to  be 
ineffective,  confirming  pyrimethamine  resistance  in  the  strains 
studied. 

Since  no  well-documented  evidence  of  chloroquine  resistance  in 
P^.  vivax  has  appeared,  chloroquine  remains  the  drug  of  choice 
for  the  termination  of  the  acute  attack  of  vivax  malaria.  Prinui- 
quine  must  be  used  subsequently  in  order  to  prevent  relapse. 

When  mefloquine  is  available,  it  may  be  useful  in  the  treatment 
of  acute  vivax  nuilaria,  although  its  structural  similarity  to 
primaquine  may  make  combination  therapy  with  these  two  agents 
hazardous,  since  toxicity  may  he  expected  to  be  additive. 

The  prolonged  half-life  of  mefloquine  in  man  is  currently  betng 
evaluated  using  specimens  collected  in  Bangkok.  Patients  with 
£.  falciparum  infections  were  treated  with  mefloquine  and  then 
subjected  to  repeated  venipiuicture  in  order  to  determine  the 
pharmakolinetics  of  this  preparation  (Cf.  AFRIMS  Annual  Report 
1976-1977).  Mefloquine  blood  levels  are  currently  being  estimateii 
on  these  specimens  at  the  Walter  Reed  Army  Institute  of  Research. 

3.  Treatment  of  Vivax  Malaria  with  Sulfadoxinc-Pyrimeth;imine 
and  with  Pyrimethiunine  Alone 

OBJECTIVE :  To  evaluate  the  activity  of  pyrimethamine  alone  and  in 
combination  with  sulfadoxine  against  acute  malaria  due  to  P^.  vivax. 

BACKGROUND ;  Sul fadoxine-pyrimethamine  (Fansidar,  Roche  Laboratories) 
is  used  in  increasing  quantities  for  the  therapy  of  malaria  in 
areas  where  P.  falciparum  is  resistant  to  chloroquine.  The  combi¬ 
nation  remains  highly  effective  against  asexual  forms  of  P^.  falc ipa- 
rum.  Field  studies  of  hospitalized  patients  carried  out  by  this 
Laboratory  over  the  past  five  years  have  shown  virtually  no  change 
in  the  efficacy  of  sul f.'uloxine-pyrimethamine.  Radical  cure  rates 


for  falciparum  have  ranged  between  80  and  91%.  Two  tablets 
and  three  tablets  administered  as  a  single  dose  appear  to  have 
equal  activity  in  the  adult  Thai  populations  studied  (a  tablet 
includes  sulfadoxine  SOO  mg.,  and  pyrimethamine  25  mg.].  In  view 
of  its  efficacy  and  lack  of  toxicity,  the  value  of  this  prepara¬ 
tion  as  a  single-dose  regimen  for  mild  to  moderately  severe 
falciparum  malaria  is  undisputed. 

Fansidar  has  not  generally  been  recommended  for  the  therapy  of 
£.  vivax  infections  although  the  package  insert  lists  this  parasite 
as  one  of  the  indications  for  use  of  the  combination,  along  with 
£.  falciparum  and  £.  malariae.  However,  in  areas  endemic  for 
chloroquine-resistant  falciparum  malaria,  sulfadoxine-pyrimethamine 
is  widely  used  for  the  treatment  of  fevers  presumed  to  be  malaria 
when  microscopic  diagnosis  is  either  not  available  or  not 
convenient.  Malaria  eradication  programs  often  use  sulfadoxine- 
pyrimethamine  as  presumptive  therapy  for  fevers  assumed  to  be 
malaria  in  areas  of  known  P^.  falciparum  drug  resistance,  where 
follow-up  is  difficult  or  impossible.  In  addition,  clinics  with¬ 
out  adequate  laboratory  support  often  treat  all  cases  of  suspected 
malaria  with  sulfadoxine-pyrimethamine.  In  Thailand,  the  combina¬ 
tion  can  be  purchased  by  the  patient  at  drug  stores  and  self¬ 
treatment  may  be  extremely  common.  The  fact  that  more  than  sixteen 
million  tablets  of  Fansidar  were  imported  into  Thailand  over  a 
recent  one-year  period  reflects  the  wide  use  of  the  drug. 

Vivax  malaria  has  increased  in  incidence  dramatically  over  the 
last  several  years  in  Thailand.  In  the  Bhu  Phram  Valley,  the 
proportion  of  new  vivax  infections  increased  from  44%  of  the 
population  infected  in  1972  to  80%  in  1976,  whereas  falciparum 
infection  rates  remained  nearly  unchanged  (2,  3).  In  an  attempt 
to  delineate  factors  which  may  have  contributed  to  this  increase, 
our  laboratory  has  considered  the  possibility  that  treatment  with 
Fansidar  may  be  implicated.  Since  sulfanamides  appear  to  stimulate 
the  production!  of  infectious  gametocytes  in  £.  falciparum  the 
effect  of  sulfadoxine-pyrimethamine  on  vivax  gametocytemia  is 
being  evaluated.  During  the  course  of  this  investigation  it 
became  apparent  that  the  combination  is  not  effective  therapy  for 
the  acute  episode  of  vivax  malaria. 

^C^H0DS  AND  RESULTS :  In  Phrabuddhabat  Hospital,  Saraburi 
Province,  Central  Thailand,  ten  patients  with  peripheral  smears 
positive  for  £.  vivax  were  treated  with  two  tablets  of  Fansidar 
(sulfadoxine  1.0  gm. ,  pyrimethamine  50  mg.).  Patients  were  all 
males,  ranging  in  age  from  19  to  33  years  (mean  25  years) (Table  3)* 


Of  the  ten  patients,  only  six  cleared  their  asexual  parasitemia 
by  day  7  following  therapy,  and  mean  fever  and  parasite  clearance 
times  were  prolonged  at  63  and  73  hours  respectively.  The 
remaining  four  patients,  although  they  had  a  reduction  in  the 
level  of  parasitemia  and  clearance  of  fever,  still  had  asexual 
parasites  on  their  peripheral  blood  films  seven  days  .ifter 
treatment.  Active  sulfonamide  was  detected  in  the  serum  of  all 
patients,  indicating  adequate  drug  absorption. 

Eleven  patients,  ranging  in  age  from  19  to  46  years,  with  a  mean 
of  27  years,  were  treated  with  three  tablets  of  the  combination, 
(pyrimethamine  75  mg.,  sulfadoxine  1.5  gm.).  All  patients  in 
this  group  cleared  parasitemia  within  seven  days;  however,  mean 
parasite  and  fever  clearance  times  were  prolonged  at  90  and  50 
hours  respectively  (mean  values  for  18  patients  treated  with 
chloroquine  were  52  and  40  hours  respectively  ) . 

In  addition,  six  patients  aged  from  19  to  38  years  (mean  25  years) 
were  treated  with  pyrimethamine  alone  in  dosages  ranging  from  a 
single  50  mg.  dose  to  50  mg.  daily  for  three  days.  Of  this  group, 
only  two  had  cleared  parasitemia  by  day  7,  one  patient  treated 
with  50  mg.  dose  and  one  patient  treated  with  50  mg. ,  daily  for 
three  days.  Parasite  clearance  times  for  these  two  patients 
were  long,  113  and  66  hours.  Fever,  however,  was  not  prolonged  - 
32  and  20  hours. 

Patients  whose  parasitemia  failed  to  clear  or  relapsed  were 
treated  with  chloroquine  1.5  gm.  over  three  days,  followed  in 
G-6-PD  normal  individuals,  by  primaquine  15  mg.  daily  for  14  days. 
All  patients  so  treated  were  cured.  At  the  end  of  the  28  day 
follow-up  period,  all  G-6-PD  normal  patients  were  given  a  14-day 
course  of  primaquine. 

In  most  cases  gametocytes  infectious  to  mosquitoes  were  present 
in  the  peripheral  blood  as  long  as  the  asexual  parasites. 
Therefore,  patients  treated  with  sulfadoxine-pyrimethamine  are 
carriers  of  gametocytes  available  to  infect  vector  mosquitoes 
for  a  longer  period  of  time  than  patients  treated  with  more 
effective  therapy,  e.g.,  chloroquine.  Whether  this  fact  has  a 
significant  effect  upon  the  transmission  of  the  parasite  is  not 
clear. 

Pyrimethamine,  and  pyrimethamine  combined  with  sulfadoxine, 
appear  to  be  inappropriate  therapeutic  regimens  for  vivax  malaria 
in  Thailand.  Pyrimethamine  alone  and  the  two-tablet  dose  of 
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♦Patients  were  retreated  with  Chloroquine-Primaquine 


sulfadoxine-pyrimethamine  have  unacceptable  activity  in  terminating 
the  acute  attack.  The  three-tablet  dose  of  the  combination 
provides  clearance  of  fever  and  parasitemia,  but  acts  very  slowly 
and  cannot  be  recommended. 

Children  with  P^.  vivax  studied  in  Bangkok  have  shown  even  higher 
failure  rates  after  treatment  with  sulfadoxine-pyrimethamine  (4). 
Our  higher  success  rate  may  reflect  the  contribution  of  immunity 
in  adult  subjects. 

Since  there  have  been  no  verified  reports  of  vivax  resistance  to 
chloroquine,  it  should  be  emphasized  that  whenever  species 
diagnosis  of  malaria  is  possible,  chloroquine  is  the  drug  of 
choice  for  termination  of  the  acute  vivax  attack,  particularly 
in  areas  where  pyrimethamine  resistance  is  suspected  or  documented. 
Primaquine,  of  course,  is  necessary  for  the  prevention  of  relapse. 
Dosage  of  primaquine  depends  upon  the  local  prevalence  of  G-6-PD 
deficiency  and  must  be  adjusted  accordingly. 

4. 


OBJECTIVE :  To  monitor  chloroquine  sensitivity  of  strains  of 
P.  falciparum.  To  evaluate  the  newly  described  "Micro"  technique 
of  Rieckmann. 

BACKGROUND :  For  the  past  several  years,  the  Department  of  Medicine 
has  monitored  the  vitro  susceptibility  of  P.  falciparum  to 
chloroquine  in  areas  where  ^  vivo  drug  testing  has  been  carried 
out.  The  technique  used  Ims  been  that  of  Rieckmann,  e;t  .  (S). 
Recently,  a  new  technique  (6)  has  been  described  which  is 
basically  similar  to  the  earlier  technique  but  which  has  been 
adapted  to  use  "micro"  amoimts  of  blood,  enabling  the  test  to  be 
performed  on  finger-prick  specimens  rather  than  on  larger  volumes 
obtained  by  venipuncture.  The  technique  of  continuous  culture 
of  P.  falciparum  described  by  Trager,  e^  ,  (7)  has  been  applied 
for  the  puipose  of  short  term  cultivation  in  assessment  of  the 
action  of  schizontocidal  drugs. 

METHODS:  The  two  techniques  were  carried  out  simultaneously  on 
blood  obtained  from  naturally  infected  patients  presenting  to  the 
passive  detection  center  of  the  National  Malaria  Eradication 
Project  in  Kanchanaburi .  Tlie  "macro"  technique  was  performed  as 
described  in  previous  publications  and  Annual  Reports.  The  "micro" 
technique  is  performed  as  follows:  chloroquine  diphosphate  in 
quantities,  ranging  from  0.1  to  25  nanograms,  is  dissolved  in  25 
microliters  of  distilled  water  and  added  to  flat  bottomed  wells 
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of  micro  titer  plates.  The  plates  are  dried  in  an  incubator  and 
stored.  At  the  time  of  use,  the  dried  chloroquine  is  redissolved 
in  50  microliters  of  culture  medium  consisting  of  RPMI  1640 
powdered  medium,  sodium  bicarbonate,  HEPES  buffer  and  gentanycin 
sulphate.  Five  microliters  of  parasitized  blood  is  placed  in 
each  well  using  an  Eppendorf  pipette.  The  plate  is  covered  with 
a  lid,  agitated,  and  placed  in  a  glass  dessicator  containing  a 
paraffin  candle.  After  the  candle  is  lit,  the  dessicator  lid 
is  replaced  and  the  fumes  are  allowed  to  escape  through  an  open 
stopcock.  The  stopcock  is  closed  just  before  the  flame  goes  out. 
The  dessicator  is  then  placed  in  an  incubator  at  380-39°C  for 
24-30  hours.  After  incubation  thick  blood  films  prepared  from 
each  well  are  dried  thoroughly,  stained  for  20  minutes  with  giemsa, 
and  examined  for  parasite  maturation.  The  number  of  schizonts  per 
200  asexual  parasites  is  determined  in  control  and  drug  samples. 
Values  for  samples  containing  drug  are  expressed  as  percentage 
of  control  samples. 

RESULTS :  Results  of  incubation  using  both  techniques  are  shown 
in  Figure  1.  It  is  apparent  that  although  cultivation  aind  schizont 
production  were  successful  using  the  "Inicro"  technique,  inhibition 
of  growth  was  not  noted  until  much  higher  concentrations  of 
chloroquine  were  used.  Figure  3  shows  a  more  direct  comparison 
of  the  two  techniques.  In  this  representation  of  results, 
amounts  of  chloroquine  have  been  expressed  as  nanomoles  per 
milliliter,  adjusting  for  the  differing  volumes  of  blood  used  in 
the  two  techniques.  It  is  obvious  that  in  the  micro  culture 
system,  schizonts  continued  to  be  formed  at  higher  concentrations 
of  chloroquine  than  in  the  "macro"  technique. 

Successful  short-term  cultivation  of  £.  falciparum  using  "micro" 
amounts  of  blood  is  significant  for  field  evaluation  of  anti- 
malarials  susceptibility.  The  technique  requires  further  work 
in  our  hands  before  it  is  as  useful  as  the  more  established  "macro" 
technique.  The  project  will  continue  and  will  be  expanded  for 
the  evaluation  of  other  drugs. 

5.  Evaluation  of  Experimental  Antimalarial  Drugs  in 
Rhesus  Monkeys  Infected  with  Plasmodium  cynomolgi 
(Blood  Schizonticidal  Tests) 

OBJECTIVE:  To  evaluate  the  blood  schizonticidal  activity  of 
selected  experimental  drugs  against  £.  cynomolgi  in  rhesus  monkeys 
(Macaca  mulatta) . 


TeUsle  4 .  Summary  of  Blood  Schlzonticidal  Tests  in  Rhesus  Monkeys 


Type  of  Conpound 

WRAIR  Drug  Number 

Minimum  Curative  Dose 
(mgAg/day) 

4-Aminoquinol ine 

228258 

•TNC 

228979 

0.316 

8-Aminoquinoline 

232584 

3.16 

232956 

TNC 

233078 

3.16 

233195 

TNC 

234578 

1.0 

Quinoline  methanols 

215440 

3.16 

Miscellaneous 

229049 

••NC(IOO.O) 

231135 

10.0 

*  -  TNC  -  Testing  Not  Completed-  Testing  on  these  drugs  had  not 
been  completed  when  the  progrOT  was  suspended. 


**  _  [JC  -  Not  Curative  -  The  compound  had  suppressive  activity 
but  did  not  cure  at  the  m2iximum  dose  tested.  Maximum 
dose  tested  is  indicated  in  parentheses. 
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BACKGROUND :  This  is  a  continuation  of  studies  initiated  in  1971. 

A  cKronological  report  of  methodology  and  results  are  available 
in  SEATO/AFRIMS  Medical  Research  Laboratory  Annual  Reports,  1971 
through  1977.  These  studies  are  conducted  in  association  with 
the  Division  of  Experimental  Therapeutics,  Walter  Reed  Army 
Institute  of  Research. 

KCTHODS :  Experimental  drugs  were  evaluated  in  rhesus  monkeys 
utilizing  various  dosage  levels.  Rhesus  monkeys,  negative  for 
malaria  parasites  on  prestudy  examination,  were  infected  by  intra¬ 
venous  inoculation  of  5  x  108  parasitized  erythrocytes  obtained 
from  donor  monkeys  infected  with  £.  cynomolgi  Strain  B. 

Beginning  on  post-inoculation  day  4,  test  drugs  were  administered 
orally,  via  gastric  intubation,  for  seven  days.  Malaria  para¬ 
sitemia  was  monitored  in  each  monkey  by  daily  bleedings  for  the 
first  fifteen  days  following  inoculation  and  then  every  other  day 
for  the  remainder  of  the  study.  Post -treatment  day  20,  monkeys 
positive  for  malaria  parasites  were  terminated  and  those  negative 
for  malaria  parasites  were  splenectomized.  Splenectomized  monkeys 
continuously  negative  for  malaria  parasites  through  post- treatment 
day  50  were  considered  cured. 

RESULTS :  Suppression  of  parasitemia  was  indicative  of  blood 
schizonticidal  activity.  Ten  experimental  drugs  were  evaluated, 
with  results  summarized  in  Table  . 

Each  infected  donor  monkey  was  utilized  as  the  vehicle  control 
for  the  previous  drug  study.  This  passage  system  for  the  malaria 
parasite  has  resulted  in  125  monkey  to  monkey  passages  of  the 
original  cynomolgi  Strain  B  parasite  used  in  these  studies. 

Due  to  the  ban  of  the  exportation  of  rhesus  monkeys  by  the 
Indian  government,  the  blood  schizonticidal  testing  was  suspended 
in  March  1978.  Testing  will  be  continued  when  additional  monkeys 
become  available. 

6.  Evaluation  of  Experimental  Antimalarial  Drugs  For 
Radical  Curative  Activity  in  the  Rhesus  Monkey 

OBJECTIVE :  To  evaluate  the  radical  curative  effectiveness  of 
selected  experimental  drugs  in  rhesus  monkeys  (Macaca  mulatta) 
infected  with  Plasmodium  cynomolgi  malaria. 


BACKGROUND:  This  is  a  continuation  of  studies  initiated  by  this 
Laboratory  in  1974.  A  chronological  report  of  the  methodology 
and  results  are  available  in  the  SEAT0/AFRIM5  Medical  Research 
Laboratory  Annual  Reports,  1975-76  and  1976-77.  These  studies  are 
conducted  in  association  with  the  Department  of  Experimental 
Therapeutics,  Walter  Reed  Army  Institute  of  Research. 

METHODS :  Rhesus  monkeys  were  innoculated  intravenously  with 
sporozoites  produced  in  Anopheles  balabacensis  mosquitoes. 

An. balabacensis  mosquitoes  were  fed  on  £.  cynomolgi  infected 
monkeys .  This  feeding  was  conducted  during  the  second  or  third 
rise  in  parasitemia  and  when  both  male  and  female  gametocytes 
were  present  as  evidencedby  a  blood  smear.  On  post-feeding  day 
14,  the  sporozoites  were  harvested  from  the  salivary  glands  of  the 
infected  mosquitoes  and  diluted  in  a  saline-normal  monkey  serum 
solution  (1:1)  to  a  concentration  of  5  -  20  x  10^  sporozoites 
per  ml.  Preselected,  malaria-negative  rhesus  monkeys  were 
immediately  inoculated  with  one  ml.  of  the  sporozoite  solution. 

Each  monkey  was  monitored  by  blood  smears  daily,  beginning  on 
day  7  post -treatment ,  for  the  development  of  a  parasitemia.  When 
the  parasitemia  reached  5  -  25  x  105  parasites  per  cmm,  drugs  were 
administered  daily  for  seven  days  at  a  predetermined  dosage  level, 
based  on  mg  of  drug/kg  of  body  weight.  To  permit  evaluation  of 
drug  activity  against  tissue  parasitic  forms  independently  of 
blood  schizonticidal  activity,  chloroquine  phosphate  was  adminis¬ 
tered  simultaneously  with  each  test  drug  at  5  mg/kg  body  weigt/ 
day. 

Following  administration  of  the  test  drug,  malaria  parasitemia 
was  monitored  by  examination  of  giemsa  stained  blood  smears  daily 
for  twelve  days  and  on  Monday,  Wednesday  and  Friday  thereafter. 
Prior  to  1  March  78,  monkeys  which  coverted  to  a  negative  para¬ 
sitemia  and  remained  so  through  post-treatment  day  20  were  splenec- 
tomized  and  monitored  an  additional  33  days.  Those  that  remained 
free  of  malaria  parasites  during  this  period  were  considered  cured. 
After  1  March  78,  monkeys  which  coverted  to  a  negative  parasitemia 
were  monitored  for  80  days  post-treatment  with  no  splenectomy. 

Those  remaining  negative  during  this  period  were  considered  cured. 

RESULTS :  A  total  of  79  experimental  drugs  were  evaluated j  results 
are  summarized  in  Table  5. 

Splenectomy  of  negative  monkeys  was  discontinued  in  an  effort  to 
preserve  the  monkeys  for  further  research.  This  was  deemed 
necessary,  especially  in  light  of  the  ban  on  the  exportation  of 
rhesus  monkeys  from  India.  Also  due  to  the  ban,  a  reduction 
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Table  5.  Svunnary  of  Sporozoite  Induced  Teste  in  Miesus  Monkeys 


Type  of  Compound 

WRAIR  Drug  Nuntoer 

Minimum  Curative  Dose* 

(mgAg/day) 

3  -  Aminoquinoline 

199961 

**NC  (10) 

211814 

1.0 

214198 

NC  (10) 

215730 

10.0 

219373 

10. 0 

222890 

10.0 

225374 

1.0 

225448 

0.316 

225845 

1.0 

226261 

NC  (1.0) 

226899 

0.316 

226984 

1.0 

228000 

1.0 

228002 

1.0 

228335 

1.0 

228583 

0.316 

229406 

10.0 

230395 

10.0 

231030 

1.0 

231033 

1.0 

232584 

0.316 

232956 

0.316 

233078 

1.0 

233195 

1.0 

233537 

1.0 

233539 

1.0 

233627 

1.0 

233821 

1.0 

233878 

3.16 

233881 

3.16 

234099 

10.0 

234578 

1.0 

234738 

3.16 

235202 

1.0 

235485 

1.0 

235720 

10.0 

235724 

10.0 

236066 

NC  (10) 

236645 

10.0 

236646 

NC  (10) 

•  Administered  orally  with  5.0  mqAg/day  of  chloroquine  phosphate. 

Not  Curative  -  The  compound  did  not  cure  at  the  maximum  dose  tested 
or  tolerated.  The  maximum  dose  is  indicated  in  parentheses. 


Type  of  Compound 

WRAIR  Drug  Number 

Minimum  Curative  Dose* 
(mgAg/day) 

Acridines 

226970 

NC  (10) 

227282 

NC  (10) 

231135 

NC  (10) 

233599 

NC  (10) 

233600 

NC  (10) 

233602 

NC  (10) 

233626 

NC  (10) 

233744 

NC  (10) 

234064 

NC  (10) 

235471 

NC  (10) 

235474 

NC  (10) 

235477 

NC  (10) 

Pteri dines 

40070 

NC  (10) 

236062 

NC  (10) 

236087 

NC  (10) 

2-4  Diaminoquinazoline 

150015 

NC  (10) 

150017 

NC  (10) 

155004 

NC  (10) 

Naphthoquinone 

25175 

NC  (10) 

49808 

NC  (10) 

Quinolines 

212293 

NC  (10) 

230688 

NC  (10) 

Miscellaneous 

6012 

NC  (10) 

77250 

NC  (10) 

96345 

NC  (10) 

190729 

NC  (10) 

194905 

NC  (10) 

194965 

NC  (10) 

203659 

NC  (10) 

210809 

10.0 

228258 

NC  (10) 

229184 

NC  (10) 

232439 

10.0 

233538 

NC  (10) 

234852 

10.0 

235201 

NC  (10)  1 

*  Administered  orally  with  5.0  mgA^/d^y  of  chlotoquine  phosphate. 

**  Not  Curative  -  The  compound  did  not  cure  at  the  maximum  dose  tested 
or  tolerated.  The  maximum  dose  in  indicated  in  parentheses. 


in  the  number  of  drugs  being  tested  was  necessary.  )Plans  are 
now  being  formulated  to  investigate  the  possibility  of  other 
non-human  primate  hosts,  especially  the  Malaysian  Macaca 
fascicul aris  (crab  eating  Macaque) . 

Problems  encountered:  The  An. balabacensis  colony  was  decimated 
apparently  due  to  a  change  in  diet.  Thje  mosquitoes  were  fed  on 
rat  and  mouse  chow  and  during  the  year  the  source  of  this  feed 
was  changed  from  the  United  States  to  a  local  producer.  This 
problem  was  rectified  by  returning  to  the  U.S.  manufactured  rat 
and  mouse  chow.  During  the  mosquito  to  monkey  sporozoite 
passage,  SP-30,  the  malaria  sporozoites  were  lost.  After  several 
unsuccessful  attempts  the  sporozoites  were  recovered  by  the 
following  procedure: 


1.  An  old  sporozoite  donor  monkey  with  a  low  chi’onic  parasitemia 
was  splenectoroized  and  when  its  parasitemia  reached  10^  parasites 
per  emm,  blood  was  drawn  luid  inoculated  intravenously  into  two 
malaria  free  monkeys. 


2.  These  monkeys  were  then  monitored  daily  and  during  the 
second  parasitemia  rise  with  male  and  female  gjunetocytes  present 
An.balabacensis  mosquitoes  were  allowed  to  feed. 

3.  The  mosquitoes  were  handled  and  the  sporozoites  harvested 
and  inoculated  into  two  malaria  free  monkeys  in  the  routine  manner. 


4.  Malaria  parasitemia  in  these  monkeys  was  evidence  that 
the  monkey  -  mosquito  -  monkey  sporozoites  had  been  recovered. 

7.  Comparative  Study  of  WR  225448  and  Primaquine  in  the 
Plasmodium  cynoimtlgi  -  Rhesus  Monkey  Radical  CuratTve 
Madel 

OBJECTIVE: 

1.  To  compare  the  efficacy  of  WR  225448-chloroquine  with 
the  radical  curative  combination  of  primaquine-chloroquine. 

2.  To  compare  the  efficacy  of  WR  225448  alone  with  the 
combination  WR  225448-chloroqvune. 

3.  To  determine  wl\ether  KR  225448  is  efficacious  in  a 
single  oral  dose. 
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BACKGROUND ;  In  rhesus  monkeys  infected  with  sporozoites  of 
P^.  cynoaolgi,  primaquine  (in  combination  with  chloroquine)  is  a 
radical  curative  drug.  In  this  combination,  primaquine  cures 
most  animals  at  a  total  dose  of  3.5  mg  base  per  kg  body  weight, 
whether  that  dose  is  a  single  dose  or  divided  into  3  or  7  daily 
doses  (8) . 

In  man,  the  toxicity  of  primaquine  precludes  administration  in  a 
single  curative  dose.  Thus,  to  achieve  a  radical  cure  of  £.  vivax 
in  man,  the  dose  is  ordinarily  given  in  divided  doses  over  14  to 
21  days  (in  conjunction  with  a  3-day  course  of  chloroquine). 

WR  225448,  an  experimental  8-aminoquinoline,  appeared  to  be  as 
potent  as  primaquine  as  a  tissue  schizonticide  and  had  exceptionally 
potent  blood  schizonticidal  activity.  The  toxicity  of  WR  225448 
was  not  investigated,  but  preliminary  evidence  suggested  that  it 
was  at  least  no  more  toxic  than  primaquine. 

Because  of  the  apparent  blood  schizonticidal  activity  of  WR  225448, 
the  ability  to  achieve  a  radical  cure  of  sporozoite  induced 
£.•  cynomolgi  without  simultaneous  administration  of  a  second  drug 
such  as  chloroquine  was  considered  a  real  possibility.  Since 
preliminary  testing  of  WR  225448  indicated  that  it  had  a  better 
therapeutic  index  than  primaquine,  it  was  decided  to  also  test 
its  efficacy  by  a  single  oral  dose. 

« 

The  dose  ranges  (Table  6)  selected  for  this  study  were  based  on 
assumptions  that  the  new  lot  of  WR  225448  used  in  this  study  would 
have  approximately  the  potency  as  the  succinate  salt  used  in 
preliminary  studies  and  that  WR  225448  would  cure  at  the  same 
total  dose  whether  it  was  given  in  a  single  dose  or  in  seven 
divided  doses. 

METHODS ;  Rhesus  monkeys  were  inoculated  intravenously  with  5-20  x 
10^  P.  cynomolgi  sporozoites  produced  in  Anopheles  balabacensis 
mosquitoes.  Each  monkey  was  then  assigned,  oy  random  selection, 
to  a  particular  drug-dose  regimen. 

Administration  of  drug  in  each  monkey  was  initiated  on  the  day 
after  its  initial  piirasitemia  reached  5000/cmm  (chloroquine  was 
given  beginning  on  this  day  in  the  appropriate  groups).  Parasitemia 
was  determined  in  each  monkey, by  blood  smears,  three  times  prior 
to  inoculation,  daily  from  day  six  post-inoculation  until  three 
days  after  parasitemia  is  suppressed  to  zero,  then  every  other 
day  through  day  40  and  twice  weekly  thereafter.  During  relapses 
or  recrudescences  of  parasitemia,  counts  were  made  daily. 
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Monkeys  in  which  parasitemia  were  cleared  by  drug  were  monitored 
thru  day  40  at  which  time  they  were  splenectomized  and  then 
monitored  for  an  additional  40  days.  If  negative  at  the  end  of 
this  period  they  were  considered  cured.  Monkeys  in  which  para¬ 
sitemia  was  not  cleared  by  drug  were  terminated  on  day  40. 

Monkeys  in  which  the  parasitemia  was  cleared  by  drug  but  then 
reappeared  before  day  40  were  treated  with  chloroquine  phosphate, 
orally,  5  mg/kg  for  seven  days  (whether  or  not  chloroquine  was 
included  in  the  original  regimen).  If  the  parasitemia  was  cleared 
by  the  chloroquine,  splenectomy  was  performed  20  days  after 
clearance  and  the  monkey  monitored  an  additional  30  days.  Splenec¬ 
tomized  monkeys  in  which  parasitemia  reappeared  were  treated  with 
chloroquine  phosphate,  orally,  5  mg/kg  for  7  days.  Those  animals 
in  which  the  parasitemia  was  cleared  by  this  chloroquine  treatment 
were  monitored  for  an  additional  50  days. 

RESULTS ;  Results  for  each  treatment  regimen  are  summarized  in 
Table  7-  Results  of  each  drug  regimen  were  categorized  as  Cure, 
Reliqpse,  or  Recrudescence  based  on  the  following  definitions: 

1.  Cure:  No  reoccurrence  of  parasitemia  following  original 
treatment. 

2.  Relapse:  Failure  of  the  curative  drug  to  clear  all  tissue 
parasites.  Confirmed  by  administration  of  chloroquine  to  all 
monkeys  with  recurrent  parasitemia  followed  by  a  t emporary 
clearance  of  the  parasitemia. 

3.  Recrudescence:  Failure  of  the  curative  drug  to  clear  all 
blood  parasites.  Confirmed  by  administration  of  chloroquine  to 
all  monkeys  with  recurrent  parasitemia  followed  by  a  permanent 
clearance  of  parasitemia. 

A  combination  of  WR  225448  and  chloroquine  was  clearly  the  most 
potent  regimen.  In  combination  with  chloroquine,  the  minimum 
curative  dose  of  WR  225448  was  0.876  mg  base  per  kg  body  weight. 
Administered  singly, WR  225448  was  not  curative  at  the  highest 
dose  utilized,  1.75  mg  base  per  kg  body  weight.  Results  indicate 
that  WR  225448  is  equally  effective  as  a  tissue  schizonticide 
when  administered  either  single  or  in  combination  with  chloroquine. 

Primaquine  was  not  consistantly  curative  at  any  regimen  tested. 

The  lowest  dose  of  primaquine  which  produced  a  cure  was  3.5  mg/kg 
body  weight.  Therefore .using  base  weight  of  the  drug  as  the 
criteria  for  evaluation,  WR  225448  is  4-8  times  as  potent  as 
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prinaquine  as  a  tissue  schizonticide  when  administered  as  a 
single  oral  dose.  Both  primaquine  and  NR  225448  were  weighed 
and  administered  in  a  similar  random  manner.  One  can  only 
speculate  in  regard  to  why  primaquine  in  combination  with  chloro- 
quine  was  not  consistantly  curative  at  3.5  and  7.0  mg  base  per 
kg  body  weight. 

Although  NR  225448  is  more  potent  as  a  tissue  schizonticide,  it 
does  possess  blood  schi zonticidal  activity.  Previous  studies 
have  indicated  that  NR  225448  is  an  effective  blood  schizonticide 
at  5.5  mg  base  per  kg  body  weight,  but  not  at  1.75  mg  base  per 
kg  body  weight.  Results  of  this  study  are  corroborative.  The 
blood  schizonticidal  MCDc;q  apparently  lies  between  5.5  and  1.75 
mg  per  kg.  A  second  study  using  other  dose  regimens  is  now 
being  formulated. 

8.  Lymphocytotoxic  Factors  in  Malaria  Patients 

OBJECTIVE :  To  identify  lymphocytotoxic  activity  in  the  sera  of 
patients  infected  with  falciparum  or  vivax  malaria. 

BACKCyPUNP :  There  have  been  several  reports  in  the  literature  of 
serum  associated  antibodies  which  are  cytotoxic  for  autologous 
lymphocytes.  Terasaki  et  al.  rejxjrted  such  activity  in  sera  from 
patients  afflicted  with  either  systemic  lupus  erythematosus  or 
rheumatoid  arthritis  (P) .  These  findings  were  confirmed  by 
Michlmayr  et  al.  (10)  who  indicated  that  both  T  lymphocytes  and 
B  lymphocytes  were  target  cells  although  primarily  the  former 
were  killed.  Oettoratius  et  al.  (11)  extended  these  findings 
with  their  report  of  lynf)hocytotoxicity  in  patients  infected  with 
hepatitis.  Earlier  work  in  this  laboratory  (12)  indicated  a 
marked  suppression  in  the  proportion  of  circulating  T  lymphocytes 
during  infection  with  malaria.  It  was  reasonetl  that  U-mpho- 
cytotoxicity  might  be  one  mechanism  underlying  this  phenomenon. 
Following  earlier  attempts  (Annual  Report  1977)  which  hail  proved 
fruitless,  we  again  assayed  for  cytotoxic  activity  with  modified 
technique  as  reported  herein. 

KETHODS :  Cytotoxic  assays  were  performed  with  the  sera  of  patients 
injected  with  either  falciparum  or  vivax  malaria.  The  methodology 
of  Terasaki  (9)  was  utilizer!  with  modification.  Control  sera  and 
target  lymphocytes  were  obtained  from  normal  volunteers.  Mono¬ 
nuclear  leukocytes  isolated  by  ficoll  hypaque  centrifugation  were 
adjusted  to  a  concentration  of  3  x  10^  cells/ml  in  HBSS  (pH  7. 31 
with  10\  fetal  calf  serum.  Experiments  were  conducted  in  flat 
bottom  tissue  culture  trays.  Each  experimental  set-up  included 
0.1  ml  each  of  cell  suspension,  hiunan  serum  and  undiluted  rabbit 
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Table  8.  Lyaphocytotoxlns  In  Malaria 


P.  falciparum  (57) 

P.  vlvax 

(50) 

Controls 

(29) 

150c 

370c 

150c 

37°C 

15°C 

37°C 

Range: 

3.5-72* 

2.5-24 

4.5-78 

3-32 

2. 5-4. 5  2 

.5-4.5 

Mean: 

19.6 

6.9 

29.5 

8.5 

3.3 

3.4 

SD: 

14.8 

4.6 

10.7 

6.4 

0.6 

0.5 

Percent  Cytotoxicity  by  Dye  Exclusion 


serum  (as  a  source  of  complement).  Assays  run  at  15®C  were  done 
in  a  refrigerated  centrifuge  while  those  at  37®C  were  done  in 
an  incubator.  Total  incubation  times  were  4  hours.  The  percent 
of  dead  cells  per  200  mononuclear  cells  were  determined  in 
duplicate  by  eosin  dye  exclusion.  All  counts  were  made  "blind" 
with  the  identity  of  the  sera  unknown  to  the  investigator. 

RESULTS :  Serum  associated  cell  death  was  demonstrated  both  at 
15°C  and  370c  -  particularly  at  the  lower  temperature.  Table  18 
summarizes  the  results  of  these  experiments.  In  fifty-seven  sera 
from  patients  infected  with  P^.  falciparum  there  was  an  average 
percent  cell  death  of  19,6  at  IS^C  and  6.9  at  37®C  compared  with 
3.3  and  3,4  percent  respectively  for  the  normal  control  sera. 

The  range  of  killing  in  the  patient  sera  was  considerable.  There 
was  no  apparent  relationship  between  the  level  of  infection  and 
cytotoxicity.  Values  for  the  IP.  vivax  sera  were  higher  with  a 
mean  of  29.5  percent  cell  death  at  15^  and  8.5  percent  at  370C. 

It  is  possible  that  this  phenomena  may,  in  part,  serve  to 
modulate  cellular  response  to  human  malaria.  This  is  a  final 
report  pendiiij,  the  re-design  of  protocols  for  more  definitive 
investigations. 

9,  Responsiveness  of  Malaria  Patient  Leukocytes  in 
Mixed  Leukocyte  Culture  (MLC) 

OBJECTIVE :  To  evaluate  general  responsiveness  of  malaria  patient 
leukocytes  to  stimulation  with  allogeneic  white  cells. 

BACKGROUND:  The  responsiveness  of  one  population  of  white  cells 
to  culture  with  those  of  an  allogeneic  source  is  well  established. 
This  methodology  has  been  applied  primarily  in  tissue  typing 
research  utilizing  in  vitro  cellular  recognition  (stimulation) 
as  a  parameter  for  predicting  jui  vitro  organ  transplant  rejection. 
More  recently,  the  characteristics  of  cells  participating  in  this 
reaction  (13,  14)  and  factors  modulating  the  reaction  (15)  have 
been  described. 

METHODS :  Mononuclear  cells  were  isolated  by  ficoll  hypaque 
centrifugation  according  to  the  methodology  of  Boyum  (16). 
Stimulator  cells  were  prepared  by  treating  cells  in  RPMI  1640 
media  with  50  ug/ml  mitomycin  C  at  37°C  for  45  minutes.  After 
washing  (x3)  in  SBSS  the  cells  were  adjusted  to  2.5  x  lO^ml  in 
media.  In  the  initial  experiments  one  way  cell  crosses  were 
performed  between  one  set  of  patient  cells  and  one  set  of  normal 
cells.  In  a  later  series  there  was  one  set  of  patient  cells  with 
two  sets  of  normal  cells.  In  addition  to  replicates  (6  each)  for 
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-  Mixed  Leukocyte  Culture  In  Malaria 

-  One  Normal  Cell  Population  with 
One  Patient  Cell  Population 


Assay  # 


Normal  Cell  Responders 


Patient  Cell  Responders 


stimulation  of  the  patient  cells  by  normal  cells  and  normal  cells 
by  patient  cells,  controls  were  provided  for  background  non¬ 
specific  activity,  efficacy  of  mitomycin  C  treatment  and 
responsiveness  to  nonspecific  stimulation  (to  PHA).  All  cell 
cultures  were  incubated  at  37®C  in  5%  CO,  for  5  days.  The  cells 
were  then  pulsed  with  (0.5  ug)  ^H-thymidine  for  24  hours.  All 
cells  were  placed  on  filter  pads  in  hydromix.  Counts  were  deter¬ 
mined  in  a  Hewlett-Packard  beta  scintillation  counter  <uid 
stimulation  indexes  were  determined. 

RESULTS :  Table  9  summarizes  the  results  of  cell  mixtures  of 
single  populations  of  patient  colls  with  single  populations  of 
normal  cells.  Ihere  developed  a  consistent  pattern  in  which 
patient  cells  showed  elevated  response  values  in  comparison  with 
those  of  the  norimil  colls.  It  was  uncertain  as  to  whether  this 
difference  was  due  to  a  true  difference  or  due  to  the  inability 
of  the  normal  cells  to  respond  to  other  cell  surfaces  effectively. 
The  experiments  summarized  in  Table  were  performed  to  answer 
this  question.  Here  it  is  soon  that  both  normal  and  patient  colls 
respond  comparably  and  that  thus  foreign  surface  antigens  of 
any  cell  type  can  be  recognized.  Therefore  although  the  absolute 
nunriiers  of  circulating  patient  lymphocytes  are  reduced  (as 
reported  elsewhere),  when  standardized,  these  cells  maintain  the 
ability  to  recognize  allogeneic  nuirkers.  A  iniuuiscript  on  this 
work  is  in  preparation.  This  project  is  complete  pending  redesign 
of  experiments  for  more  definitive  investigations.  I'his  is  a 
final  report. 

10.  l.yiyhokine  Mediated  Macrophage  Activation  as 
demonstrated  T>y  linTTanced  Protein  Synthesis 

0BJECn_VE:  To  evaluate  lymphokine  mcdiateil  macrophage  activation 
in  malaria  patients  through  the  parameter  of  increased  protein 
synthesis  (Lowry  technique). 

BACKCiROlINU :  The  work  of  Criswell  and  her  colleagues  (17)  supports 
the  notion  that  humoral  factors,  possibly  other  than  antibody, 
may  activate  macrophages  during  the  malaria  infection.  Workers 
using  other  immunological  systems  have  provideni  insight  into 
macrophage  activation  (18,  19).  This  report  summarizes  data 
relative  to  macrophage  activation  in  cases  of  human  malaria. 

METHOnS:  These  assays  were  coiulucted  according  to  the  methodology 
of  Nathan  (20).  In  synthesizing  lyiiphok  i  nes ,  2  x  10^  patient 
mononuclear  cells  were  incubated  with  either  undiluted  chimpanzee 
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Table  11  Lymphoklne  Mediated  Macrophage  Activation 
In  Malaria  -  jP.  falciparum 


Lyaphokinee  from  Patient  Celle  with  Malaria  Antigen 


Patient  1 

Control 

Test 

Increase  (ua/ml) 

96 

62 

158 

96 

100 

129 

220 

91 

105 

82 

175 

93 

109 

40 

112 

72 

122 

101 

337 

236 

144 

80 

211 

131 

154 

90 

133 

42 

161 

160 

310 

150 

164 

175 

325 

151 

175 

242 

213 

(-)29 

187 

126 

120 

(-)  6 

189 

199 

475 

276 

190 

263 

417 

154 

191 

153 

245 

245 

Range: 

(-)29-276 

Mean: 

126 

Lymphoklnes  : 

from  Patient 

Cells  with 

Normal  Red  Cells 

Patient  if 

Control 

Test 

Increase  (ug/tnl) 

114 

84 

160 

73 

151 

117 

172 

56 

167 

95 

210 

116 

170 

219 

226 

7 

Range : 

7-116 

Mean: 

63 

Lymphoklnes  from  Normal  Cells  with  Malaria  Antigen 


Donor 

Control 

Test 

Increase  (ug/ml) 

Somchal 

101 

167 

66 

fiarnyen 

117 

216 

99 

Turien 

57 

219 

72 

Prasit 

177 

340 

162 

Range : 
Mean : 


66-163 

100 


Table  X2  Lynphoklne  Mediated  Macrophage  Activation 
in  Malaria  -  P.  vivax 


?hokinea  from  Patient  Celia  with  Malaria  ADtlgens 


Patient  #  Control  Teat  Increase  (ug/ml) 


102 

69 

317 

249 

117 

18 

111 

93 

125 

72 

111 

40 

123 

128 

149 

20 

129 

81 

194 

113 

131 

74 

132 

58 

133 

65 

292 

227 

135 

168 

199 

31 

139 

32 

82 

50 

141 

150 

206 

56 

148 

188 

213 

25 

150 

209 

247 

138 

156 

169 

321 

161 

158 

130 

179 

48 

184 

276 

365 

89 

Range: 

31-249 

Mean:  93 


Lymphokinea  from  Patient  Cells  with  Normal  Red  Cells 


Patient  It 

Control 

Test 

Increase  (ug/ml) 

155 

180 

148 

(-)32 

163 

li* 

189 

115 

166 

94 

91 

(-)  3 

168 

140 

196 

59 

Range : 

(-)32- 

■115 

Mean: 

35 

Lymphokines  from  Normal 

Cells  with  Malaria  Antigen 

Donor 

Control 

Test 

Increase  (ug/ml) 

Barnyen 

189 

303 

113 

Prasit 

234 

295 

62 

Katchrinnee 

115 

382 

266 

Prayote 

130 

257 

127 

Range:  62-266 

Mean:  142 
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source  falciparum  antigen  (WR  352  low)  or  with  ammonium  chloride 
extracted  vivax  antigen  (human  source)  for  48  hours.  Cultures 
were  centrifuged  and  supernatants  frozen  until  required.  Control 
supernatants  were  prepared  by  incubating  patient  cells  with  media 
only,  adding  antigen  inmediately  prior  to  the  centrifugation  step. 
Additional  controls  were  culture  supernatants  from  patient  cells 
with  normal  human  red  cell  extract  or  normal  cells  with  antigen. 

For  the  adherence  assay  (Lowry  technique)  culture  supernatants 
were  incubated  with  normal  mononuclear  cells  for  3  days.  After 
decanting  the  supernatants,  the  monolayers  were  treated  with 
NaOH  and  Lowry  protein  concentrations  were  determined. 

RESULTS :  Tablell  suimnarizes  the  results  of  14  assays  on  lymphokine 
activity  from  falciparum  sources  with  antigen.  These  are  compared 
with  4  assays  each  for  patient  cells  with  normal  red  cell  extract 
and  normal  white  cells  with  malaria  antigen.  There  resulted  a 
mean  protein  value  of  126  ug/ml  for  the  patient  cells  with  antigen 
conftared  with  100  ug/ml  for  the  cell  control  and  63  ug/ml  for  the 
antigen  control.  These  results  suggest  specific  activity  in 
lymphokines  synthesized  by  the  patient  white  cells  in  the  presence 
of  antigen.  Tablel2  displays  the  results  of  IS  assays  from  vivax 
patient  cells  as  conpared  with  4  assays  each  with  the  cell  and 
antigen  control.  Here  the  mean  value  for  the  cell  control  (142 
ug/ml)  was  higher  than  that  for  the  test  system  (93  ug/ml).  This 
implies  that  where  a  crude  extract  of  human  antigen  is  used,  test 
and  control  group  activity  may  be  conparable.  Alternately,  the 
enhanced  results  in  the  falciparum  system  could  be  an  artifact. 

This  assay  is  clearly  of  value  in  future  research;  however 
concentration  with  purification  of  malaria  antigen  will  be  necessary. 
Because  of  higher  immediate  priorities  in  other  areas  these  assays 
have  been  discontinued.  This  is  a  final  report, 

11 .  Glucosamine  (^‘^C)  Uptake  in  Malaria  Activated 
iluman  Macrophages 

OBJECTIVE :  To  evaluate  the  activation  of  monocytes  by  lymphokines 
synthesized  by  malarious  lymphocytes  as  determined  by  uptake  of 
radiolabeled  (^'*C)  glucosamine. 

BACKGROUND:  The  mechanisms  of  human  white  cell  response  to  malaria 
are  poorly  understood.  Based  on  work  by  other  investigators  (19) 
a  series  of  investigations  were  undertaken  to  evaluate  the 
activation  oJf  macrophages  through  radioimmunotechnique .  This  is 
a  report  of  these  studies. 


1  i..’U 


Table  13  Glucosamine  (  C)  Uptake  in  Cells  Incubated 
with  P,  falciparum  Antigen 


Present 


Assay 

No. 


Assay 

No. 


Concentrated  Antigen 

Control 

Test 

SI 

300* 

236 

21 

16 

- 

33 

63 

1.9 

25 

75 

3.0 

A2 

255 

6.1 

18 

94 

5.2 

Mean  SI+ 


s  Absent 


Concentrated  Antigen 

Control 

Test 

SI 

33 

179 

5.4 

4 

52 

13 

6 

10 

1.6 

121 

55 

- 

Control  I  Test 


Control  I  Test 


Mean  SI 


Net  counts  per  minute 

Stimulation  Index  -  negative  values  eliminated  from  calculations 


Table  1^4  Glucosamine  (^^C)  Uptake  in  Cells  Incubated 
with  £.  vlvax  Antigen 


Lymphocytes  Present 


Assay 

Concentrated  Antigen 

_ i _ 

Diluted  Antigen 

PHA 

No. 

Control 

Test 

SI 

Control 

Test 

SI 

Control 

Test 

SI 

1 

446 

462 

1.1 

134 

5676 

42.3 

1417 

745 

_ 

2 

30 

12 

- 

45 

173 

3.8 

34 

33 

- 

3 

15 

218 

14.5 

17 

20 

1.2 

15 

170 

11.3 

Mean  SI* 

tj 

7.8 

15.8 

11.3 

Lymphocytes  Absent 


Assay 

Concentrated  Antigen 

Diluted  Antigen 

PHA 

No. 

Control 

Test 

SI 

Control 

Test 

SI 

Control 

Test 

SI 

1 

67 

815 

12.2 

92 

140 

1.5 

96 

278 

2.9 

2 

27 

4.0 

68 

92 

■n 

27 

185 

6.9 

3 

214 

79 

- 

42 

52 

la 

225 

253 

1.1 

Mean  SI* 

t. 

• 

8.1 

1.4 

3.6 

Negative  Si's  eliminated  from  calculations 


METHODS;  The  assays  were  conducted  with  modifications  of  the 
methodology  of  Hanmond  and  Dvorak  (2ll-  Mononuclear  cells  were 
isolated  by  ficollhypaque  centrifugation  and  adjusted  to  a  con¬ 
centration  of  1.5  X  10®  monocytes  per  culture.  Test  antigens 
were  either  extracts  of  pooled  £.  Tivax  blood  forms  (human  source) 
or  P.  falci  pa  rum  (chimpanzee  sourceT!  ^Antigen  concentrations  were 
eitKer  undiluted  or  diluted  1:2.  Positive  controls  consisted  of 
cells  with  the  plant  mitogen  phytohemagglutinin.  Negative  controls 
were  cells  and  RPMI  1640  media  only.  Lymphokines  were  synthesized 
either  with  all  cells  present  or  with  lymphocytes  absent.  In  the 
latter  case,  nonadherent  cells  were  decanted  after  2  hours  and 
media  replaced  to  the  original  volume.  Lymphokines  were  synthesized 
and  set  up  as  for  the  previously  reported  (Lowry)  assay.  Nornuil 
cell  cultures  were  incubated  with  lymphokines  in  5%  CO2  for  72 
hours.  The  cultures  were  next  pulsed  with  5  uCi  of  glucosamine 
and  incubation  was  continued  for  6  hours.  Each  monolayer  was 
then  washed  with  cold  Hank's  buffer  solution  containing  non- 
radiolabeled  glucosamine.  Vials  were  drained  and  frozen  at  -20OC 
until  required.  Each  vial  was  thawed  and  treated  with  cold  10% 

TCA  with  calf  serum  and  stored  at  40C  for  1  hour.  After  centri¬ 
fugation  the  supernatant  was  decanted  and  hydromix  added  to 
precipitate  the  radiolabeled  proteins.  Counts  were  performed  in 
a  Hewlett-Packard  beta  counter. 

RESULTS :  Table  B summarizes  radioisotope  uptake  when  patient  cells 
were  incubated  with  concentrated  or  diluted  falciparum  antigen  in 
the  presence  or  absence  of  l>'mphocytes .  While  the  mean  SI  values 
for  these  experiments  were  acceptable,  these  results  were  mari'ed 
by  8  negative  SI  values  including  4  in  the  PHA  control.  Evalua¬ 
tion  was  further  clouded  by  low  CPM  values-often  only  a  few  CPM's 
above  those  of  backgroimd  correction.  Similar  findings  are  recorded 
for  £.  vivax  incubations  as  seen  in  Table  BL  It  was  concluded 
that  the  potential  usefulness  of  this  assay  is  dependent  on  con¬ 
centration  and  purification  of  the  malaria  antigen  iuid  standardization 
of  techniques.  This  assay  has  been  discontinued  in  favor  of  those 
of  higher  priority.  This  is  a  final  report. 

1 2 .  Transformation  of  Patient  l.yirphocytes  by  Selected 
Malarial  Antigens 

OyECTlVE :  To  develop  methodology  for  the  specific  stimulation 
of  malaria  patient  lymphocytes  by  erythrocyte  and  sporozoite 
antigens. 

BACKGROUND :  Several  assays  have  been  developed  which  describe 
specific  in  vitro  responsiveness  of  host  lyrni^hocytic  cells  to 
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Table  17  Response  of  Lymphocytes  from  JP.  falciparum  Patients  to  Stimulation 
with  P.  falciparum  Sporoiolte  Antigen  (1.42  ug/well) 


Patient  # 

X  Monocytes 

Counts  Per  Minute 

Stimulation  Index 

106 

10 

813 

1.4 

108 

11 

4076 

1.7 

134 

10 

2106 

1.2 

138 

10 

456 

2.7 

149 

10 

518 

2.7 

152 

8 

2494 

10.1 

153 

14 

1347 

4.1 

Range: 

8-14 

456-4076 

1.2-10.1 

Mean: 

10.4 

1687 

3.4 

Table  18  Response  of  Normal  Lymphocytes  to  Stimulation  with  falciparum 

Sporozoite  Antigen  (1.42  ug/well) 


Donor 

X  Monocytes 

Counts  Per  Minute 

Stimulation  Index 

Barnyen 

12 

4047 

13.4 

Boonmee 

13 

582 

2.0 

Somboon 

11 

6103 

2.8 

Nlphon 

12 

6563 

1.9 

Sanel 

10 

2569 

3.9 

Range: 

10-13 

582-6563 

1.9-13.4 

Mean: 

11.6 

3973 

4.8 

m 


stimulation  by  malaria  antigens.  These  assays  have  employed 
either  rodent  (22,  23)  or  human  material  (24).  This  report  summarizes 
studies  utilizing  related  techniques,  with  cells  from  adult 
Thais  infected  with  either  £.  falciparum  or  £.  vi vax. 


METHODS ;  Mononuclear  leukocytes  were  cultured  in  modified  RPMI 
1640  media  according  to  the  methodology  of  MacDermott  et  al. 

(25).  Assays  for  lymphocytes  from  falciparum  infections  utilized 
patient  lymphocytes  and  falciparum  antigen  extracted  from  either 
infected  chimpanzee  erythrocytes  or  sporozoites  from  human 
infections.  Controls  were  uninfected  cells  and  media.  Cell 
suspensions  were  incubated  6  Jays  at  37°C  in  5%  CO2.  Lymphocyte 
concentrations  were  either  3  x  10^  or  4  x  10^  cells  per  well 
with  1  ug  of  erythrocytic  antigen  or  1.42  ug  of  sporozoites. 

After  initial  incubation,  cultures  were  pulsed  with  0.4  uCi 
thymidine  for  24  hours.  The  lymphocytes  were  then  processed  by 
a  nultiple  automated  sample  harvester  (MASH).  After  drying  filter 
pads  containing  the  cells  were  placed  in  scintillation  vials 
containing  hydromix  and  counts  (CPM)  were  determined  in  a  Hewlett- 
Packard  beta  scintillation  counter.  Stimulation  indices  (SI) 
of  patient  lymphocytes  were  calculated  by  the  following  formula: 


cr  .  CPM  test 

CPM  control 

RESULTS :  Table  15il lustrates  the  mean  counts  ;uid  stimulation 
indices  of  twelve  patients  infected  with  £.  falciparum.  These 
results  are  similar  to  those  of  9  other  falciparum  patients  at 
the  same  cell  concentration  (4  x  10^  cells/well)  under  optimal 
conditions  and  to  results  of  9  additional  falciparum  patients 
whose  cell  concentration  was  1  log  lower  under  the  same  conditions 
of  incubation.  In  comparing  the  results  of  these  patients  with 
those  of  normal  donors  (Table  16’'  there  are  no  apparent  differences. 
The  range  and  mean  values  for  both  the  counts  and  stimulation 
indices  are  essentially  identical.  Similar  results  were  likewise 
observed  when  patient  cells  (Tablel, '  or  normal  cells  (Table  iB) 
were  stimulated  with  falciparum  sporozoite  antigens.  It  is 
clear  that  definitive  studies  in  both  trophozoite  and  sporozoite 
induce  transformation  must  await  improved  antigenic  material 
through  increased  antigen  concentration  (by  culture)  and  improved 
purification  of  human  material.  It  is  likewise  imperative  that 
the  variables  of  parasite  concentration  and  duration  of  infection 
be  controlled  to  the  greatest  extent  possible  by  careful  patient 
selection  in  future  work.  Pending  the  constraint  of  these 
variables  this  research  should  be  considered  complete.  This  is  a 
final  report. 


13.  Synthesis  of  Lymphocyte  Blastogenic  Factor  by 
Sensitized  Lyin)hocytes  from  Malaria  Patients 

OBJECTIVE :  To  develop  methodology  for  the  activation  of  normal 
lymphocytes  by  lymphokines  from  antigen  stimulated  lymphocytes 
from  malaria  patients. 

BACKGROUND ;  These  studies  were  undertaken  in  an  attempt  to 
determine  whether  certain  mechanisms  of  immune  activation  parallel 
those  in  better  defined  systems.  There  is  considerable  evidence 
in  these  systems  that  normal  lymphocytes  undergo  blast  transforma¬ 
tion  and  incorporate  ^  thymidine  when  cultured  in  the  presence 
of  supernatants  from  lymphocytes  stimulated  with  antigen  (26,27). 

The  synthesis  of  such  blastogenic  factors  has  been  associated 
with  T  lymphocytes  and  is  a  measure  of  cell  mediated  immunity. 

The  studies  reported  here  represent  attempts  to  induce  blastogenesis 
by  factors  produced  by  specifically  stimulated  lymphocytes  from 
malaria  patients. 

METHODS:  Mononuclear  leukocytes  from  P^.  falciparum  patients  were 
isolated  by  ficoll  hypaque  centrifugation.  le  cells  at  concen¬ 
trations  of  either  1  x  lO^/ml  or  3  x  106/ml  were  incubated  with 
falciparum  antigen  from  infected  chimpanzee  erythrocytes  for  48 
hours  at  370C  in  5%  COj.  Following  centrifugation,  supernatants 
were  frozen  until  required.  Control  preparations  were  supernatants 
exposed  to  antigen  immediately  before  centrifugation.  For  the 
remainder  of  the  assay,  non-sensitized  (normal)  lymphocytes  were 
incubated  with  the  s^ernatants  for  6  days.  Cultures  were  then 
pulsed  with  0.4  uCi  %  thymidine  before  incubating  another  24 
hours.  The  cells  were  isolated  and  washed  in  a  multiple  automated 
sample  harvester  (MASH).  After  drying  on  filter  pads,  the  cellular 
material  was  placed  in  a  scintillation  vial  with  hydromix.  Counts 
for  radioactivity  (CPM)  were  conducted  on  a  Hewlett-Packard  beta 
counter. 

RESULTS :  Table  19  summarizes  the  results  from  assays  on  the 
blastogenic  activity  of  supernatants  from  19  isolates  of  patient 
cells.  The  net  counts  for  these  assays  ranged  between  506  and 
3629  (mean  1878).  The  stimulation  indices  (SI)  for  these  counts 
(mean  4)  met  or  exceeded  those  generally  in  the  literature  for 
similar  studies.  An  attempt  was  made  to  increase  the  stimulation 
indices  by  increasing  the  concentration  of  lymphokine  producing 
patient  cells  three  fold  to  3  x  10^  cells/ml.  The  results 
summarized  in  Table  20  indicate  that  this  attempt  was  not 
successful  since  both  the  range  and  mean  of  the  SI  values  in  six 
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Table  20  Blastogeneels  -  Lynphoklnes  from  3  x  lO^/ml 
P.  falciparum  Lymphocytes  with  Normal  Cells 


Assay  # 

Mean  CPM 

S.l. 

1 

,  3332 

4.9 

2 

2305 

2.1 

3 

966 

1.9 

4 

1796 

3.3 

5 

621 

1.3 

6 

3445 

5.4 

Range: 

621-^445 

1. 3-5.4 

Mean: 

2076 

3.2 

1  <>.(» 


assays  were  lower  than  when  the  colls  were  at  lower  concentrations. 
It  became  clear  through  these  experiments  that  marked  blastogenosis 
results  from  lymphokines  raised  by  incubating  patient  lynphocytes 
with  falciparum  antigen.  Future  consideration  of  this  assay  in 
further  immunologic  analysis  is  therefore  warranted.  The  evalua¬ 
tion  of  the  present  experimental  series  is,  however,  made  difficult 
because  of  the  chimpanzee  origin  of  this  antigen  and  by  the  lack 
of  a  normal  chimpanzee  red  cell  control.  Definitive  work  with 
this  assay  must  await  the  concentration  and  purification  of  human 
falciparum  antigen  and  appropriate  control  material.  This  is  a 
final  report. 

14.  Continuous  In  vitro  Cultivation  of  P.  falciparum 
and  Malaria  Antigen  Isolation 

OBJECTIVE :  To  maintain  strains  of  £.  falciparum  recovered  from 
human  subjects  in  a  continuous  hi  vitro  culture  system  for  large 
scale  production  of  parasites. 

BACKGROUND :  Different  techniques  for  in  vitro  culture  of 
P.  ifalctparum  have  been  described  (28-31).  The  parasites  obtained 
were  found  to  be  infective  in  subsequent  hi  vivo  and  vitro 
experiments  but  the  quantity  produced  was  not  sufficient  for 
antigen  preparation.  Recently  Trager  (32)  has  described  a 
continuous  culture  system  utilizing  a  slow  continuous  flow  of 
culture  medium  over  a  thin  Layer  of  parasitizeil  erythrocytes. 

Jensen  (33)  has  simplified  the  technique  for  propagating  the 
viable  parasites  using  petri  dishes  inside  a  c.-uidle  jar.  The 
system  lends  itself  to  many  useful  investig.at ions  including  the 
possible  prcp.aration  of  a  protective  vaccine. 

kCTHODS :  A  continuous  ^  vitro  culture  system  for  £.  falcip.inim 
was  set  up  as  described  by  Jensen.  Infected  blood  specimens  from 
malaria  patient  were  suspended  in  RPMl  1640  medium  supplemented 
with  HEPES  buffer  and  human  AR  serum.  Target  erythrocytes  from 
individual  AB  blood  donors  were  used  for  subcultui'es  when 
parasitemias  in  original  cultures  reached  about  .S-bS.  Aliquots 
of  the  highly  parasitized  cell  suspension  were  preserved  with 
glycerine  -  manitol  at  -70'H'  (34)  for  subsequent  experiments. 
Different  cryoprotect i ve  agents  will  bo  tested  to  determine  the 
best  cryopreservation  method  for  these  parasites.  Further 
investigations  are  being  conducted  to  clarify  the  question  of 
the  possibility  of  replacement  of  human  scrum  in  culture  medium, 
the  improvemt'nt  of  synchronicity  of  the  asexual  erythrocytic 
cycle,  and  infect ivity  after  cryostorage. 


RESULTS :  A  strain  of  P.  falciparum  from  Sriracha,  Cholburi 
Province,  has  been  established  in  a  continuous  in  vitro  culture 
system.  This  system  allows  an  increase  in  parasitemia  of  20 
fold  after  96  hours  of  incubation.  Although  individual  non- 
inmune  AB  blood  donors  were  screened  for  optimum  support  in  in 
vitro  parasite  growth,  variations  in  parasite  increase  were 
observed  among  different  donors.  The  use  of  a  pooled  AB  serum 
will  be  attempted  in  subsequent  cultures  when  adequate  numbers 
of  suitable  donors  are  obtained  in  an  attempt  to  eliminate 
individual  differences. 

Investigations  are  being  conducted  in  the  following  areas: 

1.  The  possibility  of  replacement  of  human  serum  with  a 
more  easily  obtained  substance  in  the  culture  medium.  In  the 
established  technique,  it  is  necessary  to  supplement  the  RPMI  1640 
medium  with  10%  human  AB  serum  to  support  iji  vitro  development 

of  P^.  falciparum.  Preliminary  results  suggested  that  half  the 
AB  serum  required  may  be  replaced  with  inactivated  fetal  calf 
serum. 

2.  Attempts  to  isolate  different  stages  of  the  parasite, 
to  improve  the  synchronicity  of  the  asexual  erythrocytic  cycle 
during  ^  vitro  culture,  by  gelatin  floatation  were  not  successful. 
Separation  of  parasites  by  ficoll  gradient  centrifugation  is 
being  evaluated. 

3.  Different  batches  of  specimens  frozen  at  -70°C  using 
glycerol  as  the  cryoprotective  agent  were  tested  for  in  vitro 
infectivity.  The  greatest  loss  of  intact  parasitized  cells  up 
t o  50%  was  found  in  a  specimen  stored  up  to  60  days.  Although 
the  viability  of  preserved  parasites  in  regards  to  the  in  vitro 
infectivity  was  restored,  this  method  appeared  to  be  unsatisfactory. 
Attempts  will  be  made  on  other  cryoprotective  agents  available. 
Storage  in  liquid  nitrogen  (-195°C)  appears  to  be  more  conductive 
to  the  maintenance  of  intact  parasitized  cells.  This  is  a 
preliminary  report. 

1 5 .  Effect  of  Sera  from  Malaria  Patients  on  Mitogen 
Responsiveness  of  Normal  Lymphocytes 

OBJECTIVE :  To  evaluate  the  effect  of  sera  from  patients  infected 
with  falciparum  or  vivax  malaria  on  the  responsiveness  of 
lymphocytes  to  stimulation  with  selected  plant  mitogens. 

BACKGROUND :  Stimulation  of  human  cells  with  plant  mitogens  has 
been  well  documented  (35).  In  this  approach,  nonspecific 
stimulation  is  evaluated  by  cellular  blastogenesis  or  by  the 


Table  21  Effect  of  Malaria  Patient  Sera  on  Lymphocyte  Response  to  Mitogens 


Phytohemasslutlnln  (PHA)  Concanavalln  A  (CONA) 

Pokeweed  Mitogen  (PWM) 

Serum 

Normal 

Malaria 

Normal 

Malaria 

Normal 

Malaria 

Source 

138 

62+ 

92 

46 

53 

66 

102 

69+ 

81 

45 

46 

60 

102 

75* 

100 

40 

57 

91 

148 

64+ 

105 

47 

63 

41 

99 

37* 

72 

11 

49 

20 

206 

49* 

83 

34 

44 

48 

181 

128+ 

63 

46 

26 

124 

181 

81* 

63 

16 

26 

46 

191 

61* 

148 

72 

100 

100 

191 

45+ 

148 

59 

100 

78 

101 

80f 

66 

68 

36 

79 

101 

87* 

66 

23 

36 

13 

151 

79+ 

144 

60 

73 

79 

151 

111* 

144 

43 

73 

54 

190 

72+ 

142 

57 

111 

75 

124 

47+ 

79 

54 

50 

68 

131 

61+ 

132 

116 

139 

183 

161 

105+ 

153 

165 

121 

159 

192 

181+ 

112 

101 

45 

29 

145 

59+ 

80 

76 

30 

107 

Range : 

99-206 

37-181 

63-153 

11-165 

26-139 

13-159 

Mean: 

149 

78 

104 

59 

65 

76 

PF  Sera 

Data 

(13  Assays) 

Range: 

101-192 

45-181 

63-152 

45-165 

26-139 

29-182 

Mean: 

150 

81 

108 

72 

69 

88 

SD 

31 

38 

33 

35 

37 

44 

P 

0.001 

0 

.02 

0.3 

PV  Sera 

Data 

(7  Assays) 

Range : 

99-206 

36-111 

63-148 

11-72 

26-100 

20-100 

Mean: 

147 

72 

97 

34 

55 

53 

SD 

47 

25 

36 

21 

25 

33 

P 

0.005 

0 

.005 

0.95 

falciparum  Serum 

* 

P.  vlvax  Serum 
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BACKGROUND :  While  investigating  the  possible  reappearance  of 
malaria  in  the  Chiengraai  Valley  in  collaboration  with  the 
National  Malaria  Eradication  Project  from  1976  to  1977,  it  became 
apparent  that  potential  vectors  other  than  Anopheles  minimus  and 
Anopheles  balabacensis  were  breeding  in  the  study  are^  Because 
the  role  that  these  possible  secondary  vectors  may  play  in  human 
malaria  transmission  in  Thailand  is  still  unknown,  a  study  to 
compare  the  susceptibility  of  various  anopheline  species  to 
P.  falciparum  and  P.  vivax  was  established.  Established  colonies 
"of  AnopheleVljalabacensis  (Khao  Mai  Khaeo  strain)  and  Anopheles 
maculatus  (Kuala  Lumpur  strain)  existed  at  AFRIMS;  thus,  the 
susceptibility  of  these  two  species  was  examined  first.  Anophe 1 e s 
balabacensis  is  a  major  vector  of  malaria  in  the  forested  foot- 
hills  of  "riiailand  and  maculatus  is  a  primary  vector  in  cleared 
or  partially-cleared  foothills  in  Penisular  Malaysia. 

MATERIALS  AND  METHODS:  The  study  was  initiated  in  Phrabuddhabat 
and  continued  at  the  Kanchanaburi  Provincial  Hospital.  Patients 
were  admitted  to  the  male  medical  ward  from  the  hospital  out¬ 
patient  department  or  from  clinics  of  the  National  Malaria 
Eradication  Project,  in  Phrabuddhabat,  Pak  Chong  and  Kanchanaburi. 

Sixty  laboratory-reared  Anopheles'  balabacensis  and  60  Anopheles 
maculatus  were  simultaneously  fed  on  patients  prior  to  therapy. 

Ten  engorged  mosquitoes  of  both  species  were  then  withheld  for 
determination  of  longevity.  Mosquitoes  were  also  fed  each  day 
on  uninfected  volunteers  as  simultaneous  controls.  The  mosquitoes 
were  reared  and  maintained  either  at  the  AFRIMS  Phrabuddhabat 
insectary  or  at  the  insectary  in  Bangkok  to  be  transported  to 
the  study  site  in  Kanchanaburi.  Both  species  were  four  to  five 
days  old  on  the  day  of  feeding  and  were  dissected  seven  and 
fourteen  days  post-feciling .  Midguts  and  salivary  glands  were 
examined  for  oocysts  and  sporozoites  respectively,  with  oocyst 
and  sporozoite  indices  being  determined  at  the  time  of  dissection. 

RESULTS:  Dissection  results  may  be  summarized  in  two  ways: 
individual  mosquito  data,  and  data  from  mosquito  lots  (each  lot 
comprises  50  individuals). 

Table  22shows  individual  mosquito  data.  The  percentage  engorging 
when  exposed  to  an  infected  patient  was  higher  in  the  balabacensis 
than  in  the  maculatus  group.  Also  the  numbers  of  mosquitoes 
surviving  to  dissection  was  higher  in  the  balabacensis  group. 

The  positivity  rate  was  likewise  higher  in  balabacensis. 
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enhanced  uptake  of  radiolabeled  amino  acids.  In  the  present 
studies  it  was  decided  to  search  for  a  possible  suppressive 
effect  of  pooled  malaria  patient  sera  against  the  responsiveness 
of  normal  lymphocytes  to  stimulation  with  phytogemagglutinin  (PHA) 
Concanavalin  A  (CON  A),  and  Pokeweek  mitogen  (PWM) . 

METHODS;  Mononuclear  cells  were  isolated  by  ficoll  hypaque 
centrifugation  according  to  the  methodology  of  Boyum  (16).  The 
cells  were  washed  in  Selegmans  balanced  salt  solution  (SBSS) 
and  were  further  processed  according  to  the  methodology  of  Chess 
et  al.  with  modification  (36).  Test  suspensions  were  made  by 
mixing  5  ml  of  pooled  patient  (malaria  species  specific)  sera 
with  20  ml  of  RPMI  1640  media.  Similar  20%  suspensions  were 
made  for  control  preparations  in  which  pooled  normal  sera  were 
used.  Normal  mononuclear  cells  were  adjusted  to  concentrations 
of  1.5  X  10^/ml  with  either  of  the  above  suspensions.  Mitogen 
suspensions  were  likewise  made  up  with  these  sera/media  mixtures 
to  the  following  concentrations:  PHA  50  ug/ml ,  CONA  20  ug/ml  and 
PWM  250  ug/ml.  A  0.1  ml  volume  of  the  respective  mitogen 
suspension  was  added  to  each  microtiter  plate  well  along  with 
0.1  ml  of  cell  suspension.  Stimulation  controls  were  comprised 
of  cells,  sera  and  media  without  mitogen.  Cultures  were 
Incubated  for  72  hours  in  5%  CO2  and  were  pulsed  with  0.4  uCi 
^H-thymidine  for  24  hours.  Cell  samples  were  harvested  onto 
filter  paper  discs  and  transferred  to  scintillation  vials.  After 
suspension  in  hydromix  counts  were  performed  in  a  Hewlett-Packard 
beta  counter  and  both  counts  per  minute  and  stimulation  indexes 
were  determined . 

RESULTS:  Table  21  summarizes  the  effect  of  patient  sera  on  the 
responsiveness  of  normal  cells  to  mitogenic  stimulation. 
Significant  suppression  was  seen  where  patient  sera  from  either 
source  was  admixed.  This  was  true  regarding  both  responsiveness 
to  PHA  and  CONA  which  stimulate  T  lyinphocytes .  On  the  other  hand, 
significant  suppression  did  not  result  in  the  cellular  response 
to  PWM  -  a  mitogen  which  predominantly  effects  B  lymphocytes. 

A  manuscript  is  in  preparation  concerning  this  work  and  that 
involving  responsiveness  of  patient  lymphocytes  to  these  same 
mitogens.  This  is  a  final  report. 

16.  Comparative  .Susceptibility  of  Anopheles  maculatus 
and  An.  balabacensis  to  Plasmodium  vivax 

OMECTIVE:  To  compare  the  elficiency  of  various  potential  vectors 
of  P.  vT^ax.  To  evaluate  the  susceptibility  of  "secondary  vectors' 


TABLE  22 


FEEDING  AND  DISSECTION  RESULTS  FROM  MOSQUITOES 
FED  ON  UNTREATED  P.  VIVAX  PATIENTS 


Anopheles 

balabacensis 

Anopheles 

maculatus 

Total  number  of  mosquitoes  fed 

5283 

4145 

{%  engorged) 

(80) 

(63) 

Total  nuirber  dissected 

3403 

1935 

Percent  survival 

82 

74 

Total  number  dissected  (oocysts) 

743 

591 

(*  positive) 

(27) 

(19) 

Total  number  dissected  (sporozoites) 

2660 

1326 

(%  positive) 

(22) 

L - - -  -- 

(16) 

( 
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TABLE  23 

DISSECTION  RESULTS  FROM  MOSQUITO  LOTS 
FED  ON  UNTREATED  P.  VIVAX  PATIENTS 


Anopheles 

balabacensis 

Anopheles 

maculatus 

Number  of  mosquito  feeds 

109 

109 

Nimiber  of  feeds  positive  (oocysts) 

40 

33 

Number  of  feeds  positive  (sporozoites) 

44 

33 

Total  number  of  feeds  positive 

49 

39 

(X  positive) 

(45) 

(36) 

TABLE 


RESULTS  OF  DISSECTION  OF  14  LOTS  OF 
Anopheles  balabacensis  AND  An.  maculatus 


VI  VAX 


Anopheles 

Anopheles 

balabacensis 

maculatus 

Mean  #  of  oocysts/gut 

30.5 

19.2 

(range) 

(2-110) 

(2-86) 

Mean  diameter  of  oocysts 

43.9 

41.8 

(range) 

(30-60/1) 

(24-58  KJ 

Mean  sporozoite  level 

+3.1 

+2.6 

(range) 

(+2  -  +4) 

(0  -  +4) 

Table  23presents  mosquito  lot  data.  Again,  lots  of  balabacensis 
were  more  likely  to  be  infected  than  maculatus,  and  the  positivity 
rate  was  higher  among  balabacensis  lots. 

When  positive  lots  were  compared  in  terms  of  oocyst  numbers/ gut, 
oocyst  diameters,  and  sporozoite  densities  (Table  2^)  vivax 
oocysts  were  found  to  be  greater  in  number  and  of  larger  mean 
diameter  in  balabacensis  than  in  maculatus.  Sporozoites  were 
found  in  glands  in  greater  numbers  in  balabacensis  than  in 
maculatus. 

Generally,  laboratory-reared  An.  balabacensis  appear  to  be  more 
efficient  vectors  than  laboratory-reared  An.  maculatus,  in  terms 
of  engorgement,  survival,  positivity,  and  numbers  of  oocysts  and 
sporozoites  developing  in  the  mosquito. 

When  suitable  colonies  of  other  potential  vectors  are  established 
at  the  Laboratory,  it  is  planned  that  they  will  be  tested  in  a 
similar  fashion. 

17 .  Longevity  Studies  on  Malaria  Infected  Anopheles 

OBJECTIVE:  To  test  the  effects  of  human  malaria  parasites  on 
the  longevity  of  the  host  mosquito. 

BACKGROUND:  Most  previous  investigations  on  the  effect  of 
malaria  parasites  on  the  mosquito  host  have  been  inconclusive. 

De  Buck  and  Swel lengrebel  (37)  found  greater  mortality  among 
heavily  infected  mosquitoes  in  relation  to  lightly  infected  ones. 
However,  Boyd  (38)  and  Ragab  (39)  concluded  that  malaria  parasites 
have  no  detrimental  effects  on  the  longevity  and  vitality  of  the 
host  mosquito.  More  recently,  Schiefer  et  al  (40)  found  that 
reductions  in  the  flight  capabilities  of  infected  Anopheles 
stephensi  mosquitoes  were  positively  correlated  to  the  severity 
of  Plasmodium  cynomolgi  infection.  During  the  past  several  years 
AFRIMS  investigators,  collaborating  on  malaria  drug  testing  in 
the  rhesus  monkey  model,  have  noted  a  detrimental  effect  on 
mosquitoes  infected  with  P.  cynomolgi .  Procedures  during  this 
study  called  for  the  production  of  maximum  numbers  of  sporozoites 
in  the  laboratory  vector,  ba labacensis . 

Observations  indicated  that  high  oocyst  numbers  and  subsequently 
high  sporozoite  numbers  led  to  increased  mortality  in  the  host 
mosquitoes.  The  highest  mortality  was  observed  on  day  2  and  day 
12  post-feeding,  probably  corresponding  with  the  initial  time 
of  invasion  of  the  midgut  by  ookinetes  and  later  the  rupturing 


Table  23presents  mosquito  lot  data.  Again,  lots  of  balabacensis 
were  more  likely  to  be  infected  than  maculatus,  and  the  positivity 
rate  was  higher  among  balabacensis  lots. 

When  positive  lots  were  compared  in  terras  of  oocyst  nurabers/gut, 
oocyst  diameters,  and  sporozoite  densities  (Table  2^)  vfvax 
oocysts  were  found  to  be  greater  in  number  and  of  larger  mean 
diameter  in  balabacensis  than  in  maculatus .  Sporozoites  were 
found  in  glands  in  greater  numbers  in  balabacensis  than  in 
maculatus . 

-  f 

Generally,  laboratory-reared  An.  balabacensis  appear  to  be  more 
efficient  vectors  than  laboratory-reared  An.  maculatus,  in  terms 
of  engorgement,  survival,  positivity,  and  numbers  of  oocysts  and 
sporozoites  developing  in  the  mosquito. 


When  suitable  colonies  of  other  potential  vectors  are  established 
at  the  Laboratory,  it  is  planned  that  they  will  be  tested  in  a 
similar  fashion. 

17.  Longevity  Studies  on  Malaria  Infected  Anopheles 

OBJECTIVE:  To  test  the  effects  of  human  malaria  parasites  on 
the  longevity  of  the  host  mosquito. 


BACKGROUND :  Most  previous  investigations  on  the  effect  of 
malaria  parasites  on  the  mosquito  host  have  been  inconclusive. 

De  Buck  and  Swel lengrebel  (37)  found  greater  mortality  among 
heavily  infected  mosquitoes  in  relation  to  lightly  infected  ones. 
However,  Boyd  (38)  and  Ragab  (39)  concluded  that  malaria  parasites 
have  no  detrimental  effects  on  the  longevity  and  vitality  of  the 
host  mosquito.  More  recently,  Schiefer  et  al  (40)  found  that 
reductions  in  the  flight  capabilities  of  infected  Anopheles 
Stephens!  mosquitoes  were  positively  correlated  to  the  severity 
of  Plasmodium  cynomolgi  infection.  During  the  past  several  years 
AFRIMS  investigators,  collaborating  on  malaria  drug  testing  in 
the  rhesus  monkey  model,  have  noted  a  detrimental  effect  on 
mosquitoes  infected  with  £.  cynomolgi .  Procedures  during  this 
study  called  for  the  production  of  maximum  numbers  of  sporozoites 
in  the  laboratory  vector.  An.  balabacensis. 


Observations  indicated  that  higli  oocyst  numbers  and  subsequently 
high  sporozoite  numbers  led  to  increased  mortality  in  the  host 
mosquitoes.  The  highest  mortality  was  observed  on  day  2  and  day 
12  post -feeding ,  probably  corresponding  with  the  initial  time 
of  invasion  of  the  midgut  by  ookinetes  and  later  the  rupturing 
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Table  ■IprosciU  s  mosmiito  lot  data.  Ajjain,  lots  of  balabacc’iisis 
were  more  likely  to  be  intected  than  iiiaciilatus,  ami  tlie  posit iVit> 
rate  was  hinbev  sunonj;  ba  labacensis  lots. 

When  positive  lots  were  compared  in  tonus  iit’  oocyst  numbors/gut , 
oocyst  diameters,  .and  sporozoite  densities  (Table  i  v  ivax 
oocysts  were  found  to  be  greater  in  ninubor  and  of  larger  moan 
diameter  in  balabacensls  than  in  mactilatiis.  Sporozoites  were 
found  in  glanTs  in  greater  numbers  in  ba  la  bacon  si  s  th.an  in 
maculatus . 

Generally,  laboratory-rea rcil  /^.  balabacensis  appear  to  be  more 
efficient  vectors  than  laborat ory-rea reif  An .  macul^tiis,  in  terms 
of  cngorgemei\t ,  survival,  iiositivity,  and  numbers  ol'  in')C)sts  ami 
sjxiroioites  developing  in  tbe  mosquito. 

When  suitable  colonies  ot'  other  potential  vecloi'S  are  establ )  sbeil 
at  the  Laboratory ,  it  is  planned  that  they  will  be  tested  in  a 
similar  fashion. 

17.  I.ongev  i  ty  SjUidies  on  Malaria  Infected  Anoiiheles 

OlUfCnVli;  To  test  the  et  feet  s  \if  buman  malari.i  jiarasites  on 
the  Vongovity  ol’  the  host  mos<(uito. 

IVU'KGROllNIt :  Most  previous  investigations  on  the  et't’ect  of 
rnltTiTiM  a*  (varasiles  on  t  lie  mosquitiv  host  have  been  i  nconc  lus  i  ve  . 

I>e  Huck  and  Swt'l  lengrebel  (a71  t'ound  greater  mortality  among 
heavily  infected  mosquitoes  in  relation  tvi  liglilly  infected  ones. 
However,  lUiyvl  (.iS)  .iiul  Kag.ili  (.'Dl  concluded  that  malari.i  iviiMsi  t  es 
hiive  no  deti'imental  id  feels  on  the  longevity  ami  vitality  ol'  the 
host  mosquito.  More  recenllv'.  Scliiefer  et  al  (•UM  found  that 
reductions  in  the  flight  c.ip.ibi  1  1 1  ies  ol'  infectevl  Aimpheles 
Stephen  si  mosquitoes  w.'re  pi'sifivi'ly  correl.iled  to  the  severity 
v>t  I’l  asmod  iiim  cymnnoljji  iiift'ction.  Puring  the  ]'ast  several  years 
AI’l{TM?r~in\"es  I  igators,  CO  I  I  .ihora  I  i  ng  t'li  malaria  drug  testing  in 
the  rhesus  monkey  modi'l  .  Ii.ive  noted  a  delriraent.il  el’I'ect  on 
mosquitoes  infected  with  T.  cynonuilgi.  I’rocedures  during  this 
study  Ciilled  for  the  production  I'f  m.iximum  numln-rs  of  sporo.-oitos 
in  the  lahor.ilory  vi'Clor,  An.  b.i  lab, icons  i  s  , 

Dbsi'fv.t  t  i  oils  imlicaleil  lli.il  high  o<.ic\st  numbers  aiul  subsei.\ueul  ly 
high  spotMzoili'  number;.  Usl  to  increastsl  mortality  in  the  host 
mosquitoes.  I'lie  highest  mortality  w.is  observes!  on  ilay  2  ,uul  vlay 
IJ  post -I'eed  i  ng  .  probablv  co  rri'spond  i  ng  with  the  initi.il  lime 
of  invasion  ol’  the  mivlgul  bv  eiokinetcs  .iml  l.iter  the  rupturing 
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Table  23presents  mosquito  lot  data.  Again, lots  of  balabacensis 
were  more  likely  to  be  infected  than  maculatus,  and  the  positivity 
rate  was  higher  among  balabacensis  lots. 

When  positive  lots  were  compared  in  terms  of  oocyst  numbers/gut, 
oocyst  diameters,  and  sporozoite  densities  (Table  pJj )  vivax 
oocysts  were  found  to  be  greater  in  number  and  of  larger  mean 
diameter  in  balabacensis  than  in  maculatus.  Sporozoites  were 
found  in  glands  in  greater  numbers  in  balabacensis  than  in 
maculatus . 

Generally,  laboratory-reared  An.  balabacensis  appear  to  be  more 
efficient  vectors  than  laboratory-reareJ  An.  maculatus,  in  terms 
of  engorgement,  survival,  positivity,  and  munbcrs  of  oocysts  and 
sporozoites  developing  in  the  mosquito. 

When  suitable  colonies  of  other  potential  vectors  are  establishtnl 
at  the  Laboratory,  it  is  planned  that  they  will  be  tested  in  a 
similar  fashion. 

1 7 .  Longevity  Studies  on  Malaria  Infected  Anopheles 

OBJECT I VL :  To  test  the  effects  of  human  malaria  parasites  on 
the  longevity  of  the  host  mosquito. 

BACKCiROUNP:  Most  iirevious  invest  igat  ions  on  tlte  effect  of 
malaria  parasites  on  the  mosquito  host  liave  been  inconclusive. 

De  Buck  and  .Swel  Icngrebel  (37)  fvninvl  greater  mort.ility  among 
heavily  infected  mosquitoes  in  relation  to  lightly  infected  ones. 
However,  Boyd  (38)  .iiid  llagal)  (39)  concluded  that  malai-ia  parasites 
have  no  detrimental  effects  on  the  longevity  aiul  vitality  of  the 
host  mosquito.  More  recently,  .Schiefer  et  ;il  (40)  found  that 
reductions  in  the  flight  capabilities  of  infected  Anophe Ics 
stephensi  mosquitoes  were  positively  correlated  to  the  severity 
ot  P 1  asmod  i  urn  cynoiiio  1  g  i  infection.  During  tl\c  jiast  several  years 
AFRlSfS  invest  igators,  col  l.iborat  ing  on  malaria  drug  testing  in 
the  rhesus  monkey  model,  have  noted  a  detriment.il  effect  on 
mosquitoes  infected  witli  P.  cynoiiiolg i  .  Procedures  during  this 
study  called  for  tlie  production  ot  maximum  numliers  of  sporozoites 
in  the  laboratory  vector,  /^.  balabacensis. 

Observations  indicated  that  high  oocyst  numbers  and  subsequettt  ly 
high  sporozoite  mmibers  led  to  increased  mortality  in  the  host 
mosquitoes.  The  highest  mortality  was  iibserved  on  da)-  2  and  day 
12  post -feed ing ,  probably  corresponding  with  the  initial  time 
of  invasion  of  the  midgut  by  ookinetes  and  later  the  rui'turing 


TABLE  25  Coin)arison  of  longevity  in  Plasmodium  viyax- 
infected  and  uninfected  anopheline  mosquitoes 


Table  23presents  mosquito  lot  data.  Again,  lots  of  balabacensis 
were  more  likely  to  be  infected  than  maculatus,  and  the  positivity 
rate  was  higher  among  balabacensis  lots. 

When  positive  lots  wore  compared  in  terms  of  oocyst  numbers/gut, 
oocyst  diameters,  and  sporozoite  densities  (Table  2^) 
oocysts  were  found  to  be  greater  in  number  and  of  larger  mean 
diameter  in  balabacensis  than  in  maculatus.  Sporozoites  were 
found  in  glands  in  greater  numbers  in  balabacensis  than  in 
maculatus . 


Generally,  laboratory-reared  An.  balabacensis  appear  to  be  more 
efficient  vectors  than  laboratory-reared  An.  maculatus,  in  terms 
of  engorgement,  survival,  positivity,  and  niunbers  of  oocysts  and 
sporozoites  developing  in  the  mosquito. 

When  suitable  colonics  of  other  potential  vectors  are  established 
at  the  Laboratory,  it  is  planned  that  they  will  be  tested  in  a 
similar  fashion. 

17 .  Longevity  Studies  on  Malaria  Infected  Anopheles 

OBJECTIVE :  To  test  the  effects  of  human  malaria  parasites  on 
tlie  longevity  of  the  host  mosquito. 

BACKGROUND :  Most  previous  investigations  on  the  effect  of 
malaria  parasites  on  the  mosquito  host  have  been  inconclusive. 

De  Buck  and  Swel Icngrebel  (371  found  greater  mortality  among 
heavily  infected  mosquitoes  in  relation  to  lightly  infected  ones. 
However,  Boyd  (38)  and  Ragab  (39)  concluded  that  malaria  parasites 
have  no  detrimental  effects  on  tlie  longevity  and  vitality  of  the 
host  mosquito.  More  recently,  Schiefer  et  al  (40)  found  that 
reductions  in  the  flgght  capabilities  of  infected  Anopheles 
Stephens!  mosquitoes  were  positively  correlated  to  the  severity 
of  Plasmodium  cynomolgi  infection.  During  the  past  several  years 
AFRIMS  investigators,  collaborating  on  malaria  drug  testing  in 
the  rhesus  monkey  moilel,  have  noted  a  detrimental  effect  on 
mosquitoes  infected  with  P.  cynomolgi .  Procedures  during  this 
study  called  for  the  production  oi  maximum  numbers  of  sporozoites 
in  the  laboratory  vector,  ba labacensis . 

Observations  indicated  that  higli  oocyst  numbers  and  sul)sequently 
high  sporozoite  mmibcrs  led  to  increased  mortality  in  the  host 
mosquitoes.  The  highest  mortality  was  observed  on  day  2  and  day 
12  post -feed ing ,  probably  corresponding  with  the  initial  time 
of  invasion  of  the  midgut  by  ookinetes  and  later  the  rupturing 
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of  the  oocysts  on  the  raidgut  and  the  invasion  of  the  salivary 
glands  by  sporoioites  of  P^.  cynomolgi .  In  order  to  determine 
whether  increased  mortality  occurred  in  anopheline  mosquitoes 
infected  with  human  malaria,  a  study  was  designed  to  compare 
the  longevity  of  uninfected  mosquitoes  with  those  infected  with 
P.  vivax.  A  reduction  in  vector  longevity  could  be  important 
Tnformation  in  the  study  of  the  epidemiology  of  human  malaria. 

METHODS:  Sixty  laboratory-roared  Anopheles  balabacensis  (Thai 
strain)  and  60  maculatus  (IMR  strain)  were  fed  on  human 
malaria  patients  in  I'liraVuddhabat  or  Kanchanaburi  on  the  day  of 
hospital  admission  and  days  1,  7,  14,  and  21  of  follow-up.  Ten 
engorged  mosquitoes  of  each  species  were  then  withheld  for 
longevity  studies  and  the  remainder  were  used  for  dissections 
and  other  experiments,  ^k3squitoes  were  also  fed  each  day  on 
uninfected  volunteers  as  a  simultaneous  control.  The  mosquitoes 
had  been  reared  and  maintained  either  at  the  AFRIMS  Phrabuddhaba t 
insectary,  or  at  the  Bangkok  insectary  to  be  transported  to  the 
study  site  in  Kanchanaburi.  Females  of  both  species  were  4  to  5 
days  old  on  the  day  of  feeding  and  were  dissected  7  and  14  days 
post-feeding.  Midguts  and  salivary  glands  were  exiunined  for 
oocysts  and  sporozoites  respectively,  with  oocyst  and  sporozoite 
indices  being  vttermined  at  the  time  of  dissection.  Infected 
and  control  specimens  were  nviintained  as  the  original  lot  (10 
specimens)  in  small  screened  paper  cups  supplimented  daily  with 
a  multivitamin  syrup  solution  for  nutrition.  All  cups  were  kept 
in  the  same  room,  so  that  both  infected  and  control  mosquitoes 
were  exposed  to  the  s;ime  temperature  and  humidity. 

RESULTS :  A  total  of  22  infected  lots  and  19  uninfected  were 
compared  for  balabacens is ,  and  20  infected  lots  and  13  uninfected 
lots  for  maculatus .  The  life  span  for  both  infected  and  uninfected 
balabacensis  females  ranged  from  1-51  days,  while  that  for  maculatus 
ranged  from  2-34  days.  Mean  survival  days  for  both  infected  and 
uninfected  females  of  both  species  arc  shown  in  Table  25-  For 
both  balabacensis  and  maculatus,  uninfected  females  lived  longer 
than  infected  females , ind icat ing  that  malaria  infections  in 
mosquitoes  may  have  a  detrimental  effect  on  the  vector.  Infected 
females  of  balabacensis  lived  longer  than  uninfecteil  maculatus . 

The  longer  life  span  of  balabacensis  miglit  be  partially  responsible 
for  this  species  being  such  an  efficient  vector  in  nature. 

Those  studies  have  been  completed. 
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(U>  Analytical  Chemistry  (lO  Nerve  Acent  AntidiUe  (D  Q’)  Benactvzint-  (D  Atropin^ 

)»  T«CW*C*fc  >— iHWa*  »  •!  wtm  rMa«i*M4N»  Cx*.)  ’ 

23.  (V)  The  technical  objectives  of  this  work  are  (1)  to  develop  analytical  methods  for 
analysis  of  nerve  agent  antidote  starting  materials  and  final  product  (2)  to  provide  in- 
process  and  final  product  analytical  control  for  production  of  nerve  agent  antidote.  (3) 
to  evaluate  stability  of  formulated  nerve  agent  antidote  for  establishing  shelf  life.  (4 
to  elucidate  the  cause  and  mechanisms  of  degradation/alteration  of  components  In  formu¬ 
lation  and  develop  modes  of  stabilization.  (5)  to  provide  reference  standards  to  assure 
quality  to  procured  materials  for  nerve  agent  antidote.  These  investigations  are  designe. 
for  perfection  on  prophylaxis  against  possible  conh.^t  casualties  by  nerve  agents. 

24.  (\J)  The  objectives  will  be  met  by  applying  I'V'  spectroscopy,  gas  liquid  chromatograph 
nass  spectrometry,  thin  laver  ehromatograpliv,  high  performance  liquid  chromatographv  .nid 
>ther  standard  analytical  techniques  for  analysis  of  starting  materials  and  the  fi'rmula- 
tlons  under  investigations  for  various  experimentation  and  the  final  product. 

25.  (U)  77  10  -  78  09  Gas  liquid  chromatographic  and  I’V  spectrophotometric  methods  were 
established  and  high  performance  liquid  chromatographic  developed  for  the  analysis  of 
the  nerve  agent  antidote  components,  impurtiies  and  degradation  products.  High  porfor- 
nance  liquid  proved  to  be  superior  tor  these  analysis.  Reference  standards  were  prepared 
ind  quality  control  maintained.  The  stability  of  the  antidote  was  studied  under  various 
storage  conditions.  Based  on  the  time  required  for  Bonactyzino  to  reach  75  percent  of 
the  original  concentration,  the  antidote  was  found  to  be  stable  for  over  10  years  at  5 
degrees  C.  At  25  degrees,  40  degrees,  and  54  degrees  C,  Atropine  Sulfate  and  TMB-4  were 
itable;  Benactyzlne  deter iorat Ion  was  a  function  of  temperature  and  followed  a  zero  ordei 
reaction  race.  This  work  was  terminated  bv  administrative  action.  For  technical  report 
lee  WRAIR  Annual  Progress  Report  1  Oct  77  ^o  30  Sep  78. 
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Work  Unit  091  Analytical  Support  for  Nerve  Agent  Antidote  Production 
Invest Igators; 

Principal:  Bhupendra  P.  Doctor,  Ph.D 

Associates:  Nesbitt  D.  Brown,  M.S.,  Ralph  R.  Gray,  M.S.; 

SFC  Lovelyn  L.  Hall;  SP5  Kenneth  G.  Kalmbach; 

Leo  Kazyak,  B.S.;  John  A.  KIntzoIs,  B.S. 

SFC  Evelyn  Moore,  H.  Kenneth  Sleeman,  Ph.D; 

Thomas  D.  WIeland,  B.S. 

The  objectives  of  this  work  unit  are  to  develop  and  utilize  methods  for 
determining  the  stability  of  the  components  of  nerve  agent  antidote 
under  various  conditions  of  storage,  to  ascertain  the  shelf  life,  and 
to  recommend  storage  and  shipping  conditions.  In  the  Interest  of  as¬ 
suring  a  good  quality  product  at  all  times  and  at  the  same  time  to 
minimize  the  logistical  cost  of  storage  and  replacement  of  outdated 
material.  It  Is  essential  that  the  mechanism  of  deterioration  of 
the  nerve  agent  antidote  components  by  understood  and  that  the  in¬ 
fluence  of  various  environmental  factors  on  these  mechanism  by  fully 
evaluated.  The  following  studies  were  conducted. 

1.  The  stability  of  components  of  the  nerve  agent  antidote  under 
various  storage  conditions. 

2.  The  identification  of  a  plasticizer  found  in  nerve  agent 
antidote  Injectors. 

3.  The  quantification  of  components  In  the  nerve  agent  antidote 
following  ambient  storage. 

1 .  The  stabi I i f y  of  components  of  the  nerve  agent  ant  Idote  under 
various  condltions~rnvolvlng  tTme  and  temperature. 

Nerve  agent  antidote  Injectors  from  a  single  lot  obtained  from 
Defense  Personnel  Support  Center  are  subjected  to  various  storage 
conditions  for  specific  time  periods.  Replicate  samples  are  ana¬ 
lyzed  to  quantify  precisely  the  levels  of  the  active  ingredients, 
preservatives,  breakdown  products,  and  Impurities  to  establish  a 
total  product  balance  for  each  storage  condition  and  storage  time 
period.  The  injectors  are  grouped  as  Indicated  in  Table  I. 

Group  I  serves  as  the  standard  against  which  all  analyses  are 
compared. 

Group  II  provides  the  data  to  define  stability  of  the  antidote 
in  ref  Igerated  storage. 
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Group  III  ()rovl>l<'",  ||v  Uvit.i  to  ilotlm>  ritnhlllly  of  fho  nnlldoto 
at  t\Kwi  tompuiM  I  tit  i> . 

Group  IV  aiul  V  provlth>  Iho  il.il.i  to  dofltio  tho  stability  of  tbo 
antidoto  at  olovatod  fomporaturt'S  which  may  bo  oncountorod 
undor  oporatloiial  condlMoiis. 

Group  VI  provKIos  ttn>  data  to  tost  I  ho  hypothesis  thal  stor.siio 
at  low  It'mpora I urt'  tiotis  nv''t  tiocronso  solubility  of  tho  oomponont 
and  lhori>toro  itHltK'O  lln>  ih'llvorod  doso  and  that  troo/liu)  does 
not  of  foot  tho  stability  of  Iho  proiluct . 

Groups  VII,  VIII,  IX  and  X  piovldo  data  to  tost  tho  hypot  ht's  i  ■. 
ot  )ht>  iniirodlonts  ot  tho  anlldoto  aro  catalytic  lor  tho  hi  isik- 
down  onco  It  Is  Inlllatod.  1 hoso  ilala  provido  Iho  basis  lor 
ostlmallmi  tho  otfi’cl  of  '.luirt  intorvah.  ot  oh’vatod  tomporat  iir<’ 
on  tho  stability  of  Itu’  ant  Kioto. 

Group  XI  piovldos  data  to  lost  tlio  hypottu'sK-  thal  storai)o  at 
tollowlni)  exposure  to  'id'’!'  will  proloni)  tiu’  stalillily  ot 
tho  compononts . 

Samples  aro  (nopari’d  liy  extrudliu)  Iho  contc'itl'v  ot  tho  Injoitor 
into  Inillvidual  s  I  I  I  con  I  .-ed ,  .loppi'red  (ilasr.  vial"..  l\'rllons  were' 
ronxivod  tor  Iho  IndlvKtu.il  .in.i  lysis.  lMI'-'l*l'r  was  an.tly.’orl  by  ul¬ 
traviolet  spec  t  roi'hotimu' I  ry  UIV)  anil  tlKih  I'or  I  oi  m.inco  IKiuld 
Chroma toiiraphv  (lll'lGt;  Hon.ic I y.- 1  no  by  t'.as-llquid  t'hroma toitr.iph\  odt'' 
and  HI’LC;  Atropine  by  GIG;  Mo  I  hy  I  I'arahi'n  .ind  I’ropy  I  parabon  by  lll'IG 
(Wfi’AIR  Proqri'ss  Uoporl  lY  Gain  .iro  analy.'od  bv  roiiression 

analysis  to  ostlm.ite  the  ordei  ot  Iho  reaction  ,n\d  1  lu'  r.ile  const, ml. 
Keqrosslon  and  loc.il  Ion  p.ir.imeter  os  I  |  m,i  1 1'''>  are  dotiiu  '  at  con- 

t  I  donee  levt>ls  usinn  .in  .issnnied  d  i  ■.  t  r  I  tni  I  Ion  for  thesi'  (larami' I  or 
os  1 1  mate", . 

Iho  lot  tl'lS-''-,’!  of  I  AG  injectors  was  lormul.iK'd  in  M.iy  l'>'(', 
shipped  to  Givisli'n  ot  Hi  ocheni  i  .  I  ry ,  WKAIK,  oti  I  eh  l'>'',  ,ind  sK'ied 
eit  ‘'"C.  Iho  slatiilily  slinK  w.r.  .I.iilod  “iO  .lune  I'l/’.  Iho  Inlll.il 
analy.is  ot  injoclois  showed  Ih.il  some  doar.id.i  I  I  on  ot  I  AG  components 
h.id  boiiuti  belweeti  the  lime  ot  pt  I'p.ii  ,i  I  ion  ot  injectois  .ind  the 
Itiitial  .ttialy'Gs.  Ihe  tesuils  I'l  llu'se  lniti.il  .in.ilysls  .ue  re¬ 
ported  as  Group  I  ,ind  .n  c  used  ,'s  ,)  b.iseline  lor  Ihe  .t.ibililN' 
studios.  G.it.i  ate  ilk  I  iided  loi  I'l  oiip  I  Ihroinih  \l. 

Ihi’  ,111,1 1  y  t  i  c,i  I  d.it.i  loi  luoiip  I  tl'.iseline  v.iluesi  .ii  c  showed  in 
l.il'lo 


Ihe  low  conci'n  1 1  .1 1  i . 'IIS  ot  pi  opv  I  p.ii  .iben  loiind  in  Gi  oup  i  c.in 
be  .iccoiinled  lot  in  p.ii  I  i|s  |e  'Oi)  by  its  .r.s.n  i, it  Ion  with  Ihe 
Gutvl  rubber  '.epKmis  .iiul  by  Ihe  pi  esence  ot  I'-liydroxy  bi'n.s'ic  .i,  id 
(hydrolysis  prodiicl  I'l  I  he  p.ii  .ileus'  in  solution  .ind  .r.'.oc  I  ,i  I  ed  wilh 


the  septums. 

A.  Atropine  Sul  fate: 

Atropine  sulfate,  analyzed  by  GLC,  was  shown  to  be  stable  under 
experimental  conditions  (Table  3). 

B.  TMB  4 . 

TMB-4.  Br,  analyzed  by  UV  spectroscopy  was  shown  to  be  stable 
under  studies  experimental  conditions  (Table  5).  However,  when  the 
analysis  were  carried  out  by  HPLC  method  and  the  data  from  control 
group  I  was  compared  with  data  from  experimental  groups  IV,  V,  and 
XI,  these  groups  showed  a  decrease  in  concentration.  A  linear 
regression  analysis  of  the  data  for  Groups  II  and  V  Is  shown  In 
Figure  I,  The  predicted  time  for  ("'roup  II  and  V  to  decrease  to  90% 
of  Label  would  be  10.6  years  and  1.2  years  respectively. 

C.  Methy I  Paraben : 

•  Methy I paraben ,  analyzed  by  HPLS,  was  significantly  decreased  is 
studied  experimental  groups  when  compared  to  Group  I  (Table  4).  The 
decrease  In  Mothyparaben  concentration  was  related  to  time  (Group  II) 
and  well  as  temperature  (Table  4  and  Figure  2). 

Some  Methy 1 paraben,  b  to  lOt  of  labeled  concentration,  was 
found  associated  with  the  butyl  rubber  septums  of  the  cartridges. 

The  hydrolysis  product  ot  the  parabetis,  p-hydro\y  benzoic  acid, 
was  Increased  from  about  5%  in  iVoup  I  to  l‘i  to  20‘J  in  Groups  IV 
and  V  which  indicated  tliat  the  hydrolysis  of  tiu'  parabens  was 
temperature  dependent. 

D.  Propy I paraben : 

Propylparaben,  analyzed  by  HPLC,  was  dect eased  significantly 
In  Group  111,  IV,  V,  and  XI  when  compared  to  C>roup  I  (Table  6).  1  he 

decrease  in  propylparaben  concetti  rat  ion  was  also  a  function  of  both 
time  and  temperature  (Figure  3), 

About  5  to  10',?  of  labttlled  concentration  of  prttpy  I  paraben  was 
ass'''Ciated  wittt  the  butyl  rubbot  septums  of  ttie  cartridge.  The 
low  concentration  of  I’ropv  i  paratien  found  in  Group  I  cannot  be  ac¬ 
counted  for  entiroiy  at  litis  time. 

E.  Henactyz ine.  HC I : 

Benactyzine  .  tl'i,  analyzed  by  (U.G,  was  significantly  decre.f.t'd 
In  Groups  IV,  V,  and  XI  when  compared  to  Group  I  (lal'le  n).  Ihe 
decrease  in  Itenactyzino  IK'I  concenlr.it  ion  was  tempei  ature  depen¬ 
dent  (Table  6  atid  Figuie  4). 
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The  predicted  times  to  reach  75$  of  initial  concentration  of 
Benactyzine  (Table  7)  ai  e  based  on  a  linear  regression  analysis 
(Figures  4,5  and  6). 

F.  Stability  of  TAB  Components  Under  Other  Storage  Conditions 

1.  Freezing  the  TAB  solution  for  two  weeks  and  then  storing  for 

4  months  at  25“C  (Groups  VI)  had  no  effect  on  the  stability  of  Atropine 
sulfate,  Benactyzine.  HCI,  or  TMB-4.  Br.  The  methylparaben  concen¬ 
tration  was  significant  decreased  but  this  was  a  function  of  time 
more  than  storage  conditions. 

2.  Heating  the  TAB  solution  for  two  weeks  and  at  40°C  then 
storing  for  4  months  at  25°C  (Group  VII)  had  no  effect  on  the 
stability  of  Atropine  Sulfate,  Benactyzine.  HCI,  or  TMB-4  Br.  The 
methyparaben  concentration  was  significantly  decreased  but  this  was 
a  function  of  time  more  than  storage  conditions. 

3.  Heating  the  TAB  solution  for  two  weeks  at  54®C  then  storing 
for  4  months  at  25°C  (Group  VIII)  had  no  effect  on  the  Atropine 
Sulfate  or  TMB-4.  Br.  However,  Benactyzine.  HCI  concentration  WcJS 
significantly  decreased  over  baseline  levels,  but  the  decrease  occurred 
during  the  Initial  2  weeks  at  54®C.  The  values  Immediately  after 
heating  and  for  the  next  4  months  were  3.56,  3.42,  3.74,  3.55,  and 
3.63  mg/2ml  respectively.  The  methylparaben  concentration  was  signifi¬ 
cantly  decreased  but  was  mostly  a  function  of  time  rather  than  storage 
conditions. 

4.  Heating  the  TAB  solution  for  two  weeks  at  either  40®C  and 
then  storage  at  5°C  for  one  year  (Groups  IX  and  X)  had  no  effect  on 
Atropine  Sulfate  or  TMB-4,  and  the  results  for  Benactyzine,  Methyl¬ 
paraben  and  propylparaben  were  similar  to  groups  VII  and  VIII. 

5.  Group  XI  samples  of  TAB  which  were  alternately  heated  (54°C) 
and  cooled  (5®C)  for  two  weeks  periods,  showed  that  refrigeration  after 
heating  does  extend  the  storage  time  of  the  TAB  components.  This 
observation  Is  supported  by  the  Group  VIII  studies. 

Discussion; 

The  stability  of  the  ingredients  of  TAB  nerve  agent  antidote  waw 
assessed  under  various  conditions  of  storage  and  time  for  establishing 
the  shelf  life,  storage  and  shipping  conditions  of  the  product.  The 
results  obtained  from  the  present  study  support  the  hypothesis  that 
the  active  components  of  the  TAB  nerve  agent  antidote  are  stable  at 
refrigerated  temperature  (5®C)  and  that  the  rate  of  Itenactyzlne  de¬ 
gradation  and  also  to  a  lesser  extent  rMB-4  are  temperature  dependent. 

In  addition,  the  degradation  of  Methylparaben  and  propylparaben  Is  a 
a  function  of  both  the  time  and  temperature.  Atropine  sulfate  was 
found  to  be  a  stable  under  all  experimental  conditions  employed  In 
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these  studies. 


The  study  shows  that  the  stability  of  antidote  during  storage, 
shipping  or  field  condition  depends  on  the  length  of  time  and 
temperature  to  which  It  Is  exposed.  A  pjrtial  answer  to  the  question, 
how  long  can  the  antidote  solution  be  stored  or  taken  out  of  refrige¬ 
ration  without  significantly  affecting  the  shelf  life  of  the  product 
can  be  obtained  from  the  present  studies  by  making  certain  stipu¬ 
lations.  For  example,  the  time  required  for  Benactyzine  HCL,  the 
most  labile  active  component,  to  decrease  to  75$  of  Its  Initial 
concentration  (Table  7)  would  be  over  10  years  at  5“C.,  2  to  2.5 
years  at  25“C  and  only  months  at  40“C  or  54®C.  These  figures  are 
in  general  agreement  with  Zvrblis  and  Ellin  except  In  case  of  25‘’C. 
They  estimated  the  time  at  25‘*C  to  be  1.6  years.  The  presumed 
stipulation  regarding  a  Benactyzine  HCI  concentration  of  75$  of  the 
Initial  concentration  as  a  reference  point  for  predicting  shelf  life 
of  TAB  was  based  on  studies  reported  by  the  Biomedical  laboratory  at 
Edgewood  MD  (TAB-INO).  Benzactyzine  thermally  degraded  to  about 
75$  of  Initial  concentration  was  shown  to  be  as  effective  against 
GD  In  the  mouse  and  rabbit.  The  ratio  of  Attopine  sulfate,  TMR-4 
and  Benactyzine  to  be  effective  against  GD  In  species  such  as  In 
mouse,  rabbit,  monkey  and  human  are  different.  Also,  the  toxicity 
of  these  components  are  different  In  each  species.  This  being  the 
case  the  75$  value  of  benactyzine  in  TAP  formulation  should  be  con¬ 
sidered  as  an  ar+ltary  figure  until  systematic  bioefficacy  and 
safety  studies  are  conducted  using  TAB  formulation  containing  various 
concentrations  of  Benctyzine  0-100$  at  the  variation  of  10-15$ 
levels)  using  several  species  of  animal.  The  results  thus  generated, 
if  correlated  with  the  results  from  the  present  study,  would  firmly 
establish  the  useful  shelf  life  of  the  formulation  under  various 
conditions.  Other  related  questions  that  can  bo  answered  from  the 
present  studies  are:  (a)  that  the  time  TAB  was  subjecled  to  an 
elevated  temperature  could  be  substrated  from  the  total  shelf  life 
(Group  VI 11),  (b)  the  storage  at  refrigerated  temperatures  following 
exposure  to  an  elevated  temperature  prolonged  the  degradation  of 
TAB  components,  it  was  observed  that  the  thermal  degradation  of 
Benactyzine  in  TAB  injectors  after  initial  4  weeks  at  54°C  followed 
zero  order  reaction.  This  reflected  the  condition  after  the 
degradation  had  been  Initiated.  Benzlllc  acid  was  found  as  a  de¬ 
gradation  product  but  quantitatively  could  not  account  for  the 
total  Benactyzine  breakdown.  Therefore  it  is  possible  that,  eiiher 
Benzlllc  acid  was  further  degraded  to  other  product  (s),  or  the 
methodology  to  identify  and  characlerize  all  the  degradation  pro¬ 
duct  (s)  of  this  reaction  is  not  yet  perfected.  The  degradation  of 
parabens  posed  the  same  analytical  problem  in  that  the  levels  of 
hydrodoxybenzoic  acid  could  not  be  equated  to  the  hydrolysis  of  the 
parabens.  (d)  Parabens  can  be  analyzed  using  HPLC  method  and  (e) 
the  desirability  for  a  multiple  methods  utilization  in  the  anc lysis 
of  the  components  of  the  TAB  formulation  is  quite  evident  when  one 


compares  the  resuHs  of  UV  vs  HPLC  analysis  of  TMB-4. 

The  most  promising  of  the  analytical  systems  for  the  study 
of  the  TAB  components  continues  to  be  HPLC.  Recently  with  further 
modifications  In  the  system.  It  has  been  possible  not  only  to  resolve 
and  quantitate  all  components  of  the  TAB  formulation,  but  also  many 
of  the  Impurities  and  degradation  pfoducts. 

Based  upon  present  Information,  the  following  Investigations 
should  be  carried  out  in  order  to  firmly  establish  the  useful  shelf 
life,  obtain  approval  for  human  use  by  FDA  and  if  possible,  Improve 
the  stability  of  TAB  formulations. 

1.  The  identification  and  quantitation  of  the  Impurities  and  degra¬ 
dation  products  of  the  TAP  formulation,  including  the  mechanism  and 
KInectIcs  of  degradation  of  Benactyzlae  (IND  Requirements). 

2.  If  the  determination  of  the  shelf  life  and  safety  of  the  TAB 
formulation  Is  to  be  based  on  the  stability  of  Benactyzine  HCI, 
least  stable  component,  then  the  studies  should  be  carried  out  U' 
determine  the  safety  and  bloefflcacy  of  the  TAB  formulation  cc  jiniiK 
concentration  of  Benactyzine  (thermal  degraded)  ranging  from  O-lOO;^ 
of  the  Initial  concentration.  This  information  in  conjugation  wi:l 
thermal  and  time  stability  study  result  will  be  useful  In  firmly 
establishing  the  shelf  life  and  safety. 

3.  TAB  Injectors  currently  In  storage  should  be  stored  either  under 
refrigerated  condition  or  if  that  is  not  possible,  they  should  be 
stored  at  25“  with  +  2“C  variation.  In  our  experience  any  short  term 
exposure  to  elevated  temperatures  will  result  in  a  proport inate  anwunt 
of  in  degradation  of  Benactyzine.  Those  injectors  should  be  analyzed 
periodically  to  assure  the  quality  and  safety  of  the  product. 

4.  Attempts  should  bo  made  to  stabilize  the  formulation.  One  possibi 
approach  could  bo  the  substitution  of  buffer  at  appropriate  pH  In 
place  of  HCI  in  fo-mulation. 

5.  An  Ingredient  (plasticizer)  is  leached  from  the  butyl  rubber  sep¬ 
tum  used  In  the  Injector.  The  Identification,  physiological  effects 
of  this  component  and  its  possible  effects  on  the  stability  of  TAB 
components  may  become  essoniial  at  some  stage  on  the  investigation. 

6.  Consideration  should  bo  given  to  modify  the  physical  structure 
of  the  Injector  and  TAB  components  in  order  to  eliminate  the 
degradation  of  formulation. 


Grouping  of  Injectors  for  Stability  Studies 


Treatment 


Immediate  assay  to  verify 
quality  of  lot  CTX-3-2. 


Storage  at  5*C,  analysis  of 
3  Injectors  per  week  x  25 
analysis  of  3  Injectors  per 
month  for  duration  of  study. 

Storage  at  25®C,  analysis  of 
3  Injectors  per  week  x  25 
weeks;  analysis  of  3  Injectors 
per  month  for  duration  of 
study. 


Storage  at  40®C,  analysis  of 
3  injectors  per  week  x  25 
weeks;  analysis  of  3  Injectors 
per  month  for  12  additional 
months. 


Storage  at  54®C,  analysis  of 
3  injectors  per  week  x  25 
week. 


Storage  at  -  20®C  for  two 
weeks,  analysis  of  5  Injec¬ 
tors,  storage  at  25®C  for  an 
additional  4  months,  analysis 
of  3  injectors  per  month. 


Storage  at  40®C  for  two  weeks 
analysis  of  5  Injectors, 
storage  at  25®C  for  an  addi¬ 
tional  4  months,  analysis  of 
3  Injectors  per  month. 


Storage  at  54®C  for  two  weeks 
analysis  of  3  Injectors, 
storage  at  25®C  for  an  addi¬ 
tional  4  months,  analysis  of 
3  Injectors  per  month. 


"W. 


Storage  at  40®C  for  two 
weeks,  storage  at  5®C, 
analysts  of  3  Injectors  every 
third  month. 

Storage  at  54®C  for  two 
weeks,  storage  at  5®C,  ana¬ 
lysis  of  3  Injectors  every 
third  month. 

Storage  at  54“C  for  two. weeks, 
analysis  3  Injectors;  storage 
at  5®C  for  two  weeks,  analysis 
3  Injectors.  Alternate 
storage  at  54®C  and  5“C  for 
two  week  Intervals  analyzing 
3  Injectors  and  heating  and 
cooling  cycle  for  6  months. 
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Table  3 

Analysis  of  TAB  formulation  for  Atropine  Sulfate  and  TMB-4.  Br. 


Group  Atropine  Sulfate  TMB-4.  Br,  TMB-4,  Br. 


mg/2ml+  S.D. 

mg/2ml+  S.D. 

mg/2ml+  S.D. 

GLC  method 

UV  method 

HPLC  method 

1 1 

l.055±0.020 

40.76+0  56 

40.27+0  89 

III 

1.057+0.020 

40.62+0.46 

40.22+0.83 

IV 

1 .068+0.025 

40.57+0.64 

39.35+1 .04»« 

V 

1.061+0.032 

40.40+0.64 

38.85+1.50** 

IV 

1 .037+0.004 

40.45+0.29 

40.65+0.52 

VII 

1 .041+0.020 

40.17+0.50 

40.24+0.59 

VI  1  1 

1.044+0.023 

40.17+0.48 

40.36+0.99 

XI 

1 .053+0.001 

40.58+0.04 

39.19+1.62** 

The  data  represents  the  average  of  al I  analysis  performed  for  26 
weeks  as  described  In  text  for  each  group. 

**p<0.0l  C.W.  Dunnett,  A  multiple  comparisons  test  for  comparing  se¬ 
veral  treatments  with  a  control.  Institute  of  Mathematical  Statistics 
Meeting,  Ithaca,  New  York,  1954. 


Methylparaben  concentrations  of  Tab  Samples  In  Groups  l-V  and  XI  with  Time 


Table 


Benactyz ine.HCI  Concentrations  Of  TAB  Samples 


Table  7 


Time  for  Benactyzine  HCI  Concentration  to  Decrease  to 
75  Percent  of  Initial  Concentration 


Group/Temp  C 


Predicted  Time 


Figure  1 
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Figure  2 

Methylparaben  by  HPLC 


Figure  3 

Propylparaben  by  HPLC 


TIME  (  WEEKS) 


Figure  4 

Benactyzine  by  GLC 
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Figure  6 

Benactyzine  by  HPLC 


TIME  (WEEKS) 


2.  The  I  dent t  f I cat  I on  of  £  plastic! zer  found  hi  th^  nerve  agent 
antido't'e  I'nJecTor?^ 

The  gas  chromatographic  analysis  of  a  chloroform  extract  of  the 
TAB  formulation  which  was  stored  in  Injectors  revealed  a  peak  which 
chromatographed  after  Benactyzine.  This  peak  occurred  at  approximately 
14  min.  on  5$  OV-17  (temperature  I88°C)  and  22  min  on  a  SE-30  capillary 
column  (Temperature  200®C).  Benactyzine  eluted  at  approximately  8  min 
and  16  respectively,  under  similar  conditions.  This  compound  was 
obtained  also  by  a  short  exposure  of  th  butyl  rubber  septum  of  the 
Injector  to  organic  solvents  or  0.001  N  HCI. 

The  compound,  when  analyzed  bv  gas  chromatography-mass  spectro¬ 
metry,  produced  a  spectrum  which,  matched  that  of  MIT  0T84.  This 
spectrum  was  obtained  from  D-D  vacutalners  (Farshy,  1974).  The  com¬ 
pound  was  identified  then  as  tri-2-butoxyethy I  phosphate,  a  plasticizer 
found  in  rubber,  plastics  and  various  commerical  products. 

3.  The  quant  I  float  ion  of  components  In  the  nerve  agent  antidote' 
following  ambient  storage . 

Work  was  continued  on  nerve  agent  antidote  Injector  stored  under 
various  conditions  and  sent  to  Oiv  of  Biochemistry,  Dept.  Applied 
Biochemistry,  WRAIR  for  analysis.  The  contents  of  each  Injector  (3 
injectors  from  each  of  43  lots)  were  extruded  into  a  rubber-stoppered, 
siliconized  bottle.  A  portion  was  removed,  for  the  analysis  of  the 
individual  components.  All  components  are  analyzed  by  two 
procedures  except  atropine  sulfate:  TMB-4*Br  was  analyzed  by 
UV  and  HPLC;  Benactyzine.  HCI  was  analyzed  by  GLC  and  tiPLC;  Methyl- 
paraben  and  Popylparaben  by  GLC  and  HF’LC;  and  Atropine  Sulfate  by 
GLC.  The  nerve  agent  antidote  injectors  wore  prepared  between  Sept 
(975  and  May  1976  and  were  analyzed  between  Sept  l.‘77  and  Jan 
The  mean  value  (3  injectors)  for  each  component  were  calculated  as 
percentage  of  labelled  amount,  ihe  range  of  values  for  Atropine 
Sulfate  was  97.2  to  lOb'jf-;  for  Itenactyz ino*HCI  54.6  to  97. 7J  (gT  ot 
lots  below  75'a)  for  TMD-4*Br  99.2  to  105.2/15,  for  methy I paraben  65.0 
to  83. K;  and  for  Propy I paraben  20.0  to  59$.  Reports  prepared  for 
DPSC,  Phi  la.,  PA.  and  for  incorporation  in  TAB  IND. 
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'  responses  h.ive  been  extended  to  blood  flow  and  other 
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eiiv'e  with  arousing  sfinull  Influences  current  physiological 
similar  stimuli.  Study  of  cardiac  response  during  round-the- 
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• 

Work  within  this  unit  has  been  directed  toward  the  development  of  tech¬ 
niques  of  operant  and  respondent  conditioning  which  can  be  employed  as 
models  of  both  phasic  and  chronic  psychological  and  emotional  stress 
and  the  application  of  the  most  current  technologies  for  the  monitoring 
of  concomitant  autonomic  responses.  The  methodologies  of  both  psychol¬ 
ogy  and  neurophysiology  have  been  wedded  in  multi-level  studies  of 
behavioral,  systemic,  and  neural  changes  which  precede  or  accompany  the 
development  of  psychosomatic  disease.  The  first  category  of  studies  has 
focused  on  the  control  of  autonomic  responses  by  complex  environment 
conditions  requiring  either  intense  and  extended  behavioral  involvement 
or  exposure  to  noxious  and  stressful  conditions.  Measures  of  cardio¬ 
vascular  or  gastrointestinal  function  provide  clues  to  the  development 
of  disease.  The  second  category  of  studies  has  focused  on  the  neural 
pathways  and  interrelationships  which  probably  mediate  the  autonomic 
responses  to  these  conditions. 

Operant  blood  pressure  and  avoidance  conditioning  in  the  baboon:  Work 
continued  on  a  study  comparing  operant  diastolic  blood  pressure  con¬ 
ditioning  and  Sidman  avoidance  as  methods  for  inducing  and  studying 
chronic  arousal  in  the  baboon.  It  was  found  that  due  to  the  difficulty 
of  hand-shaping  baboons  with  the  physical  configuration  of  the  booth, 
direct  avoidance  training  on  one  key  was  not  feasible.  Instead,  the 
baboons  were  first  trained  on  a  lever  for  food  reward,  after  which  the 
food  reward  was  alternated  with  periods  in  which  presses  on  the  lever 
turned  off  a  loud,  continuous  Sonalert  for  30  seconds.  Each  successive 
response  postponed  the  re-introduction  of  the  Sonalert  for  30  seconds. 
Electric  shocks  to  the  tail  were  then  programmed  to  occur  every  five 
seconds  while  the  Sonalert  was  on;  thus,  the  "Sonalert  on"  periods 
corresponded  to  the  stimulus-stimulus  (S-S)  interval  of  a  Sidman  avoidance 
schedule,  while  "Sonalert  off"  periods  were  equivalent  to  the  response- 
shock  (R-S)  interval.  The  final  steps  in  this  fading  procedure  were  to 
discontinue  Sonalert  presentation  altogether  and  to  introduce  masking 
noise  as  the  discriminative  stimulus  for  avoidance  sessions.  Food 
responses  were  then  shifted  from  the  lever  to  an  adjacent  round  key,  and 
made  continuously  available.  Both  baboons  learned  stable  avoidance 
performance  on  this  schedule.  Shock  was  administered  by  two  flat  disk 
electrodes  taped  on  the  tail. 


Two  baboons  have  been  operated  on  to  date.  The  first  died  several 
days  following  surgery.  The  second  was  run  through  the  first  phase  of 
the  experiment,  the  72-hour  avoidance  session.  Avoidance  performance 
was  maintained  throughtout  the  session,  although  rates  of  response  began 
to  drop  after  24  hours  and  were  at  rather  low  levels  by  the  end  of  the 
session.  As  expected,  the  baboon  exhibited  Increased  physiological 
arousal  throughout  the  session.  Although  the  data  analysis  Is  not  yet 
complete,  heart  rate  seems  to  have  been  particularly  elevated;  blood 
pressure  appears  to  have  been  Increased  for  the  first  several  hours 
and  then  gradually  returned  toward  baseline  levels. 

.Apparently  debilitated  by  the  stress  of  avoidance,  this  animal  also 
developed  an  Infection  and  died  about  two  weeks  later.  Efforts  are 
under  way  to  Identify  and  remove  the  source  of  the  bacterial  contaminant, 
after  which  the  third  pilot  baboon  will  be  started  on  the  experiment. 

Behavioral  and  autonomic  effect  of  an  endogenous  opiate:  A  single  pilot 
monkey  has  completed  a  paradigm  studying  the  behavioral  and  physiological 
effects  of  the  peptide  beta-endorphin.  This  hormone  has  attracted  recent 
attention  due  to  its  action  on  the  brain's  opiate  receptors,  and  may  be 
an  Important  component  of  the  organism’s  stress  response.  Injections  of 
beta-endorphin  and  control  drugs  were  given  30  minutes  into  a  2.5-hour 
behavioral  session  in  which  the  monkey  worked  for  food  on  an  alternating 
multiple  fixed-interval,  fixed-ratio  schedule. 

A  5  mg.  dose  of  beta-endorphin  resulted  in  a  transient  increase 
in  blood  pressure,  followed  by  a  decrease  of  about  15  mm  which  gradually 
recovered  to  stable,  pre-drug  levels  over  the  next  20  minutes.  A  similar 
but  more  pronounced  drop  was  observed  following  the  20  mg.  dose;  after 
the  transient  rise  pressure  sank  from  a  baseline  of  132/76  to  a  minimum 
of  105/55,  and  averaged  116/64  for  the  10  minutes  following  the  injection. 
Heart  rate  also  showed  a  dose-response  effect.  The  5  mg.  dose  resulted 
in  an  immediate  increase  of  about  32  beats  per  minute  (bpm);  this  elevation 
was  maintained  for  about  20  minutes,  followed  by  a  gradual  return  to 
baseline.  Heart  rate  with  the  20  mg.  dose  peaked  at  a  level  of  184  bpm, 

40  beats  above  the  pre-drug  rate,  and  took  about  10  minutes  longer  to 
return  to  baseline  than  with  the  lower  dose.  In  contrast  to  the  blood 
pressure  and  heart  rate  effects,  respiration  was  virtually  unaffected. 

No  marked  effects,  particularly  in  a  negative  direction,  could  be  seen 
following  either  dose.  This  negative  result  is  encouraging  in  view  of 
the  respiratory  depression  induced  by  morphine  and  other  alkaloid  opiates. 

The  effects  of  beta-endorphin  on  fixed-ratio  and  fixed-interval 
performance  were  about  the  same,  and  somewhat  shorter  than  expected. 

The  maximum  time  of  effect  was  estimated  at  five  minutes  foi  the  5  mg. 
dose  and  7.5  minutes  for  the  20  mg.  dose.  The  major  effect  cn  both 
schedules  was  a  lengthening  of  the  post-reinforcement  pause  rather  than 
a  decrease  in  response  rate.  No  further  effects  were  seen  for  the 
remainder  of  the  session  once  responding  recovered  to  normative  values. 


Next^two  different  doses  of  morphine  were  administered  in  order  to 
compare  the  response  to  this  synthetic  opiate  with  that  to  beta-endorphin. 
The  lower  dose,  .10  mg/kg,  was  apparently  rather  low  in  this  preparation 
and  had  no  observeable  effects  on  behavior  or  phystologtcal  measures. 

A  dose  of  .57  mg/kg,  however,  was  more  effective.  Behavioral  responding 
following  the  injection  was  disrupted  for  the  rest  of  the  session  on 
both  the  ratio  and  interval  schedules,  averaging  only  about  58^  of  pre¬ 
drug  rates.  Blood  pressure  decreased  about  11  mm  systolic  and  7  mm 
diastolic,  as  with  beta-endorphin;  however,  heart  rate  went  down  slightly 
rather  than  increasing.  Respiration  rate  was  also  decreased  for  approxi¬ 
mately  10  minutes  following  the  morphine  dose. 

Finally,  a  .1  mg/kg  injection  of  the  alph-blocker  phentolamine  was 
given.  As  expected,  this  drug  caused  a  physiological  response  similar 
to  beta-endorphin,  ie. ,  increases  in  heart  rate  and  decreases  in  blood 
pressure.  However,  no  effect  on  behavioral  responding  was  observed; 
this  suggests  that  the  behavioral  changes  seen  following  beta-endorphin 
injections  were  not  simply  due  to  the  animal's  interoception  of  an 
altered  physiological  state,  but  rather  to  a  presumably  more  direct, 
central  effect. 

Work  during  the  next  year  with  monkeys  will  replicate  this  study; 
in  addition,  a  further  study  is  planned  using  shock  titration  to  assess 
the  analgesic  effects  of  beta-endorphin  as  compared  to  morphine. 

Interactions  between  operant  and  respondent  conditioning;  This  ongoing 
experiment  was  designed  to  study  the  effects  of  respondent  conditioned 
stimuli  superimposed  upon  operant  baselines.  Termination  of  this  experi¬ 
ment  has  been  delayed  by  the  acquisition  of  a  new  computer  system  in 
the  laboratory,  which  has  necessitated  suspension  of  physiological 
recording  in  the  DRL  experiment  due  to  space  limitations.  Work  completed 
before  the  computer's  arrival  tended  to  replicate  and  confirm  earlier 
results.  For  one  monkey  working  on  a  DRL  schedule,  a  tone  signaled  the 
impending  delivery  of  unavoidable  shock.  The  physiological  response 
during  the  conditioned  stimulus  was  an  increase  in  blood  pressure  and 
a  large  (40-60  beats  per  minute)  decrease  in  blood  pressure,  the  same 
pattern  seen  in  earlier  monkeys.  Another  monkey  in  which  both  food 
and  shock  reinforcement  of  two  different  OS's  were  initiated  in  the 
same  session  failed  to  show  the  marked  heart  rate  deceleration,  although 
blood  pressure  increased.  These  results  suggest  that  the  organism's 
physiological  --  and,  by  inference,  emotional  —  response  to  unconditioned 
stimuli  may  be  affected  by  the  sequence  in  which  they  are  introduced  as 
well  as  by  their  affective  quality. 

An  order  difference  is  also  suggested  by  an  experiment  in  which  a 
conditioned  stimulus  signaling  free  food  is  superimposed  upon  a  Sidman 
avoidance  baseline.  Monkeys  run  this  year  have  confirmed  earlier  results 
that  classical  conditioning  of  an  appetitive  CS  begun  during  avoidance 
sessions  results  in  an  increase  in  response  rate  during  the  CS;  when 
conditioning  is  first  carried  out  at  other  times,  however,  a  decrease  in 
response  rate  results  when  the  CS  is  finally  introduced  during  avoidance. 


ll 


Three  follow-up  experiments  are  in  progress.  The  first  is  a  study 
with  rats  designed  to  test  explicitly  the  order  effect  seen  in  the 
Sidman  avoidance  study.  Currently,  the  rats  have  completed  avoidance 
and  food  tray  training  and  are  entering  the  pre-conditioning  phase  of 
the  study.  A  second  experiment  with  monkeys,  will  be  carried  out  to 
study  further  the  unexpectedly  large  increases  in  blood  pressure  and 
heart  rate  seen  in  DRL  monkeys  throughout  the  session.  Consideration 
of  the  DRL  schedule  has  led  to  the  hypothesis  that  a  task  requiring 
absolutely  constant,  unceasing  attention  is  very  stressful  no  matter 
what  the  reinforcer.  An  experiment  will  be  performed  to  test  this 
hypothesis  by  studying  two  levels  of  continuous  attention  during  both 
negative  and  positive  reinforcement;  it  is  predicted  that  high  attention 
demand  will  be  more  stressful  overall  than  low  attention  demand,  with 
negative  reinforcement  more  stressful  than  a  positively  reinforced  task. 
Stress  will  be  operationally  measured  by  recorded  levels  of  physiological 
activity. 

The  third  experiment  involves  an  examination  of  circadian  influences 
on  DRL  performance.  Single  and  multiple  daily  sessions  will  be  run  at 
different  times  of  day,  and  the  behavioral  and  physiological  changes 
recorded.  As  a  comparison  group,  other  monkeys  will  be  run  at  identical 
times  in  a  vigilance  task.  Initial  shaping  of  subjects  for  both  of 
these  experiments  has  begun,  and  computer  programs  to  run  the  experiments 
with  the  new  computer  system  are  in  preparation. 

Studies  of  gastrointestinal  function  and  response  to  stress;  This  project, 
started  late  In  FYT8  upon  the  arrival  of  a  new  scientist,  has  seen  signif¬ 
icant  progress  in  planning  and  preparation.  A  laboratory  space  has  been 
prepared,  test  chambers  have  been  modified,  and  essential  measurement 
and  control  equipment  have  been  purchased.  Two  principal  studies  are 
planned  for  the  next  year  with  the  following  objectives: 

1.  Determine  if  circadian/ultradian  rhythms  of  gastric  secretion 
and  contractility  can  be  documented. 

2.  Determine  if  feeding  time  alters  these  rhythms. 

3.  Determine  if  these  rhythms  can  be  modulated  by  stress. 

4.  Determine  if  secretagogues  can  generate  chronic  elevations  of 
gastric  secretion  and  what  physiological  factors  protect  against  or 
contribute  to  the  development  of  gastric  ulcer. 

Distribution  of  cardiovascular  sites  within  the  spinal  cord:  Physiologic 
studies  were  completed  which  examined  the  distribution  of  pressor , 
cardioacceleratory  and  inotropic  sites  within  the  cat  spinal  cord  (1-4). 
These  sites  were  found  to  be  localized  to  the  intermediolateral  nucleus 
and  highly  lateralized  to  the  right  side  of  the  spinal  cord.  This 
laterd^zation  was  strongly  frequency  dependent  for  blood  pressure  and 
cardiac  contractility  but  riot  for  heart  rate. 

Relationship  of  vertebral  body  to  spinal  segment:  Physiologic  studies 
which  examine  specific  spinal  segments  require  T  knowledge  of  the 
relationship  between  spinal  bony  landmarks  (e.g.,  spinus  process, 
vertebral  body)  and  spinal  segments.  Since  such  information  had  never 
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been  determined  for  the  cat,  we  undertook  a  gross  anatomic  study  to 
determine  these  relationships. 

Endotoxin  shock:  The  potential  role  of  endorphins  in  endotoxin  shock 
was  studied,  using  the  specific  opiate  antagonist  naloxone.  Naloxone 
treatment  was  shown  to  reverse  the  hypotension  induced  by  endotoxin  and 
was  able  to  block  such  hypotension  when  given  prophylactically. 
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23.  (U)  This  unit  examines  the  dynamics  of  those  specific  factors  within  military  or¬ 
ganisations  and  environments  that  conduce  to  psychiatric  Illness,  operate  to  produce 
psychiatric  casualties  and  lead  to  the  generation  of  dysfunctional  behaviors  and  decre 
ments  in  military  performance.  Tliese  studies  have  direct  relevance  for  the  developmen 
of  programs  of  intervention  and  prevention  and  the  development  of  effective  techniques 
for  the  minimisation  of  psychiatric  casualties. 

24.  (U)  The  methods  of  clinical  psychiatry,  social  and  clinical  psychology,  social  an¬ 
thropology  and  field  epidemiology  are  used  to  Identify  factors  that  generate  psychia¬ 
tric  casualties,  behavior  dysfunction  and  performance  dysfunction  and  decrement  in 
order  to  modify  such  factors  or  the  relationship  between  them. 

25.  (U)  77  10-78  04  Data  gathered  In  studies  of  Artillery  Fire  Direction  Centers  are 

being  analysed  to  determine  factors  that  mitigate  or  contribute  to  stresses  of  contin¬ 
uous  performance.  Field  assays  have  been  carried  out  with  troops  of  the  82nd  Airborne 
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Description 

Neuropsychiatric  casualties  have  represented  a  major  source 
of  manpower  loss  in  every  armed  conflict  in  which  the  United 
States  Army  has  been  Involved.  In  times  of  peace  the  Army 
suffers  significant  personnel  losses  and  costs  as  a  function  of 
behavioral  dysfunctions,  performance  decrements,  effectiveness 
deficits,  psychosomatic  illnesses,  psychogenlcally  based  dis¬ 
orders  and  neuro-psychiatric  diseases.  Many  of  these  losses 
and  costs  appear  to  Involve  'predisposing  risk  factors  that  are 
parts  of  the  general  and  hutiuin  ecology  of  the  Army.  Unique 
aspects  and  demands  of  military  life  engender  both  strains  and 
stresses  that  further  the  risk  of  the  individual  and  the  group 
for  dysfunctional  and  Ineffective  behavior.  Hie  symptomatic  and 
often  costly  responses  to  stressful  events  and  factors  in  the 
military  are  In  part  determined  by  the  health  status  and  coping 
styles  of  the  Individual  and  In  part  by  the  social  milieu  in 
which  stressful  events  are  experienced.  The  Interaction  of  the 
individual  ."nd  group  within  this  special  set  of  ecological  set¬ 
tings  -  ranging  from  the  Intense,  1 1 f e-threatonlng  multiple 
stresses  of  combat  to  the  daily  stresses  and  strains  of  garri¬ 
son  and  training  -  represent  the  central  concern  of  this  work 
unit.  This  unit  examines  the  dynamics  of  those  specific, 
factors  within  military  organizations  and  environments  that 
conduce  to  psychiatric  Illness,  operate  to  produce  psychiatric 
casualties,  and  lead  to  Ineffect ivi'ness ,  the  generation  of  dys¬ 
functional  behaviors,  and  decrements  in  milltarv  performance. 
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Central  to  this  concern  Is  the  study  of  how  the  military  social 
milieu  organizes,  shapes,  reinforces  and  mitigates  responses  to 
stressful  events.  These  studies  have  direct  relevance  for  the 
development  of  programs  of  Intervention  and  prevention  and  the 
development  of  effective  techniques  for  the  minimization  of 
psychiatric  and  behavioral  casualties. 

1.  Studies  of  Artillery  Fire  Direction  Centers  in 
Simulated  Sustained  Operations 

Description 

These  studies  were  carried  out  jointly  with  the  U.S.  Army 
Research  Institute  of  Environmental  Medicine,  Natick,  Massachu¬ 
setts  and  the  Department  of  Military  Medical  Psychophysiology, 
URAIR.  The  description  of  the  studies  was  dealt  with  exten¬ 
sively  In  last  year's  Annual  Report.  Essentially  four  artillery 
fire  direction  centers  from  the  82nd  Airborne  Division  carried 
out  simulated  sustained  artillery  operations  under  the  observa¬ 
tion  of  a  number  of  investigators.  Behavioral,  physiological, 
and  performance  measures  were  taken. 

Progress 

During  the  past  year,  various  analyses  have  been  carried 
out  and  a  number  are  still  underway.  These  analyses  are  in 
general  directed  to  the  relationship  between  group  structure 
and  task  loads  In  respect  to  performance  as  well  as  relationship 
of  sleep  patterns  to  overall  performance.  Data  are  currently 
being  analyzed  to  deal  with  differences  in  communication  pat¬ 
terns  which  emerged  between  periods  of  high  and  low  task  load. 

A  repeated  measures  analysis  of  variance  design  Is  being  used. 

In  addition,  complex  demodulation  analysis  has  been  conducted  of 
each  Individual's  communication  data.  This  technique  provides  a 
series  of  clock  times  during  which  changes  In  the  normal 
rhythm  of  communications  occurred  and  thus,  better  enables  us 
to  determine  the  impact  on  communication  of  task  load.  The 
archival  video  tapes  from  the  two  groups  Involved  In  an  open 
ended  simulation  have  been  reviewed  in  order  to  evaluate  and 
analyze  the  relationship  between  group  behavior  and  structure, 
rhythmic  patterns  of  communication,  and  task  demand.  The 
archival  video  tapes  have  also  been  examined  to  determine  the 
total  amount  of  sleep  each  individual  got  during  the  course  of 
the  simulation  in  order  to  help  determine  the  relationship  of 
sleep  patterns  to  performance  decrement  and  the  decision  of  the 
group  to  withdraw  from  the  simulation  In  terms  of  its  per¬ 
ceived  militarily  Ineffectiveness.  The  development  of  a  series 
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of  computer  programs  to  effect  complex  demodulation  analysis  of 
communication  data  represented  one  of  the  major  efforts  in  pre¬ 
paration  for  the  analysis  of  the  data  acquired  in  the  simula¬ 
tion.  These  programs  may  represent  a  major  tool  for  the  study 
of  group  performance  in  sustained  operations  modalities. 

2.  The  Psycho-Social  Aspects  of  Health  and  Illness  of 
Women  in  the  Army 

Description 

The  purpose  of  this  study,  wiiich  is  presently  under  devel¬ 
opment,  is  to  describe  the  relationship  between  various  psycho¬ 
social  and  organizational  variables  and  the  health  status  and 
effectiveness  of  performance  and  functioning  of  women  in  the 
Army.  As  of  1979,  the  Army  plans  to  have  approximately  50, AGO 
enlisted  women  in  its  ranks,  many  serving  in  non- traditional 
MOSs.  The  impact  of  such  increases  in  the  number  of  female 
personnel  on  health  resources,  the  possible  consequences  for 
individual  and  unit  mental  health  and  integrity  are,  at  present, 
difficult  to  ascertain.  Recent  data  on  psychiatric  hospitaliza¬ 
tion  rates  show  that  for  1971-73  the  rate  of  episodes  of 
psychiatric  hospitalization  for  women  was  approximately  twice 
that  of  males  if  drug  and  alcohol  categories  are  excluded.  Pro¬ 
visional  analyses  have  shown  that  Army  women  had  more  days  lost 
than  men  due  to  hospitalization  and  a  greater  non-effective  rate 
in  1975  counting  both  physical  and  psychiatric  hospitalizations. 
When  gender  specific  Illnesses  were  excluded,  females  continued 
to  have  a  higher  hospitalization  rate  than  males.  Similar  re¬ 
sults  have  been  shown  for  the  Navy.  Past  experience  Indicates 
that  when  mental  health  rates  differentials  exist  for  groups  in 
the  Army,  major  contributory  factors  are  invariably  to  be  found 
in  organizational  and  unit  forces  and  in  psycho-social  factors  - 
particularly  the  stress  provoking  ones  found  in  the  military 
environment.  The  study  under  development  projects  extensive 
work  in  the  field  to:  determine  if  such  factors  exist;  Isolate 
and  describe  them;  and  the  development  of  preventive  measures. 
The  specific  pilot  research  program  designed  to  investigate  in 
detail  the  health  problems  of  female  soldiers  and  how  these  com¬ 
pare  with  those  of  male  soldiers  and  to  produce  a  descriptive 
ethnographic  study  of  women  in  the  Army  with  specific  focus  on 
health  has  been  developed.  From  the  data  collected  in  this 
preliminary  investigation  hypotheses  will  bo  developed  for  later 
definitive  studies  investigating  gender  differences  in  the 
health  of  soldiers.  The  research  efforts  will  be  concentrated 
on  enlisted  members  stationed  at  Ft.  Meade,  Maryland.  n>e 
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Mthodologlas  to  be  used  include  participant  observation,  in- 
depth  questionnaires,  health  diaries  and  a  study  of  outpatient 
records.  Participants  vlll  be  selected  froa  the  following 
units:  Kimbrough  Army  Hospital  to  include  the  Coosainity  Mental 
Health  Activity  (C31HA),  the  Headquarters  Command,  the  76th  En¬ 
gineer  Battalion,  the  BSth  Medical  Battalion,  the  319th  Military 
Police  Battalion.  Participant  observers  will  be  attached  to  the 
Sl9th  Military  Police  Battalion  and  the  Headquarters  Command. 

Progress 

The  following  progress  has  been  made:  (a)  the  protocol  has 
been  approved;  (b)  the  research  technicians  have  undergone  in¬ 
tensive  training  for  the  past  six  months;  (c)  the  health 
diaries,  the  interview  and  demographic  questionnaire  as  well  as 
the  health  diary  interview  schedule  are  ready  for  testing;  (d) 
unit  coBsaanders  have  been  briefed  with  respect  to  the  study;  (e) 
initial  data  with  respect  to  the  mission  and  organizational 
structure  of  the  participating  unit  have  been  obtained;  (f)  unit 
rosters  are  now  being  examined  for  the  purpose  of  obtaining 
matched  samples;  (g)  approval  has  been  obtained  from  the  Health 
Services  Command  allowing  Kimbrough  Army  Hospital  and  the  (XHA 
to  participate  in  the  study.  Accordingly,  (h)  examination  of 
medical  records  has  begun. 

Full  scale  participation  of  the  other  units  awaits  final 
U.S.  Army  Forces  Command  approval. 

3.  Studies  of  Small  Groups  in  Chronically  Stressful 
Occupations 

Description 

A  collaborative  study  between  the  Department  of  Military 
Psychiatry  and  the  Department  of  Military  Medical  Psychophysiol¬ 
ogy  of  Montgomery  County  Firefighters  was  launched  during  this 
fiscal  year.  This  study  directs  Itself  to  physiological  and 
cognitive  relationships  of  perception  of  stress  and  the  stress 
response.  For  a  full  description,  see  the  Annual  Report  of  the 
Military  Medical  Psychophysiology. 

4.  Health  Aspects  of  Deployment 
Description 

Military  doctrine  demands  that  Army  units  In  garrison  be 
able  to  deploy  with  optimal  readiness  and  maximum  strength  in  as 
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rapid  a  time  as  possible.  Health  problems,  familial  problems, 
and  social  and  psychological  problems  presented  as  health  prob¬ 
lems  have  consistently  been  seen  as  factors  mitigating  against 
optimum  troop  deployability.  During  the  course  of  the  past  fis¬ 
cal  year,  information  gathered  by  investigators  of  the  Division 
of  Neuropsychiatry  has  consistently  demonstrated  that  these 
factors  account  for  10-15X  of  force  strength  idiich  is  not  avail¬ 
able  for  deployment  to  field  exercises,  REFORGER  exercises,  field 
testing,  and  other  rapid  transitions.  Such  factors  are  indicated 
by  increases  in  sick  call,  requests  for  profile,  requests  to  be 
removed  from  Jump  status  in  airborne  units,  and  requests  to  be 
excused  from  participation  in  deployment  exercises  due  to 
familial  or  economic  problems.  The  majority  of  tliese  requests 
are  Initiated  through  medical  channels.  Over  the  years  a  number 
of  commentators  in  the  social  and  behavioral  sciences  have 
postulated  that  the  sick  role,  i.e.,  the  validation  of  an  indi¬ 
vidual  as  either  ill  or  at  physical  or  psychological  risk  for 
exacerbation  of  Illness,  represont.s  the  most  socially  accept¬ 
able  avenue  for  withdrawal  from  or  avoidance  of  situations 
perceived  as  stressful,  potentially  stressful  or  undesirable, 
the  utilization  of  medical  channels  and  the  sick  role  by  Individ¬ 
uals  to  have  themselves  defined  by  both  the  military  medical 
system  and  Command  as  non-deployab le  represents  a  continuous 
potential  degradation  of  readiness.  At  present,  a  series  of 
studies  are  in  the  planning  and  evaluation  stage.  These  studies 
will  be  designed  to  come  to  grips  with  the  effect  of  the  .ibove 
factors  on  deployment  .'uul  deployability  and  the  development  of 
Interventionary  tocl»lnques . 

Progress 

During  the  past  fiscal  year.  Informal  observation,  infonn.i- 
tlon  gathering,  and  discussions  h..,o  been  carried  out  pri¬ 
marily  with  personnel  of  the  82nd  Airborne  Division.  It  was 
discovered  that  between  10-15T  of  sucli  personnel  do  not  deploy 
with  their  units  when  they  go  to  the  field  for  either  training 
or  testing.  Equivalent  Informal  data  has  been  gathered  during 
the  course  of  a  stvidy  on  Jet  lag  relevant  to  units  at  Ft.  Hood 
and  Ft.  Riley.  Based  on  these  preliminary  observations,  inltl.il 
bibliographic  work  la  now  in  progress  for  the  development  of 
specific  studies.  It  Is  anticipated  that  such  studies  will  con¬ 
centrate  on  descriptions  of  the  siildler'.*''  lllne.ss  behavior,  the 
conditions  under  which  such  heh.ivlors  are  stressed,  the  function 
of  such  behavior  for  the  soldier  and  tin-  organization  and  the 
impact  of  such  Illness  behavior  on  the  military  unit. 
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The  final  design  will  undoubtedly  Include  basic  Incidence 
and  prevalence  data  and  rates  of  change  during  periods  of  rapid 
deployment  and  transition.  It  will  also  Include  the  study  of 
claaaes  of  excuses  used  by  Individuals  who  attempt  to  define 
themselves  as  non-deploy. hie  -  which  may  involve  physical  ill¬ 
ness,  psychogenic  Illness,  psychosomatic  complaints,  emotional 
problems^  family  problems,  etc.  Such  studies  will  also  evalu¬ 
ate  the  outcome  of  lllnesa  behavior  for  the  soldier,  the  role 
of  the  peer  group  in  legitimating  and  supporting  such  be¬ 
havior  and  the  conditions  under  which  such  behavior  Is  ex¬ 
pressed  In  terms  of  organizational  dynamics  of  the  unit  and 
the  situational  aspects  of  the  Individual  soldier's  life.  It 
Is  anticipated  that  formal  research  protocols  will  be  com¬ 
pleted  during  the  first  quarter  of  the  current  fiscal  year, 
and  the  research  program  initiated  during  the  second  quarter 
of  rY79. 


5.  Attrition  Studies 
Description 

The  U.S.  Army  is  presently  suffering  a  significant  problem 
of  first-term  attrition.  Depending  upon  post,  six  to  12  percent 
of  Individuals  entering  BCT  are  discharged  prior  to  the  comple¬ 
tion  of  their  Initial  tran.ing.  Over  40X  of  enlisted  personnel 
are  separated  from  the  service  prior  to  the  completion  of  their 
first  tour  of  duty.  The  attrition  problem  Is  a  multi-faceted 
one  Involving  medical  psychological,  medical,  sociological,  indi¬ 
vidual,  organizational  and  stress  response  components.  Present 
levels  of  attrition  represent  a  chronic  problem  both  in  terms  of 
financial  costs,  and  maintenance  of  force  levels  and  readiness 
of  the  Army.  Initial  studies  are  being  formulated  to  look  pri¬ 
marily  at  the  relationship  of  stress  and  stress  response  to  rates 
of  attrition  In  basic  combat  training  and  advanced  individual 
training.  Members  of  the  department  have  been  briefed  by  ’ 

personnel  responsible  for  dealing  with  attrition  at  TRADOC 
and  at  Ft.  Dix,  New  Jersey,  one  of  the  larger  basic  training 
centers  In  the  eastern  United  States.  It  is  anticipated  that 
a  series  of  studies  Involving  medical,  psycho-social,  organiza¬ 
tional  and  physiological  parameters  that  may  contribute  to 
attrition  as  mediators  of  the  stress  response,  will  be  under¬ 
taken  during  the  course  of  the  coming  fiscal  year.  Such 
studies  will  be  carried  out  Jointly  between  the  Department  of 
Military  Psychiatry,  the  Department  of  Medical  Neurosciences, 
and  the  Department  of  Psychiatry,  Uniformed  Services  University 
of  Health  Sciences. 
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During  the  last  quarter  of  FY78,  contact  was  made  with  the 
Commander  at  Ft.  Dlx,  N.J.  A  series  of  informal  observations 
and  interviews  are  being  carried  out  among  cadre  and  trainees 
at  that  post.  It  is  anticipated  that  pertinent  variables  for 
studies  will  be  identified  between  the  period  Dec  78/Jan  79. 
Research  protocols  are  targeted  for  completion  by  February  1979 
and  full  field  studies  aimed  at  isolating  factors  Involved  In 
attrition  and  the  Identification  of  possible  ameliorative 
techniques  will  commence  by  March  of  FY79. 

6.  Conditions  of  Psychiatric  Casualties  Under  Catastrophic 
Conditions 

Description 

Military  combat  places  the  soldier  in  an  environment  which 
is  considerably  more  stressful  than  any  ordinarily  experienced 
during  time  of  peace.  Thus  In  the  absence  of  war  the  study  of 
breakdown  under  extreme  stress  is  made  highly  problematic. 

Among  the  few  naturally  occurring  situations  which  may  offer 
an  opportunity  to  study  psychiatric  casualties  under  extreme 
stress  is  that  of  natural  disasters.  Natural  disasters  (such 
as  hurricanes,  floods,  fires  or  tornadoes)  place  individuals 
in  life  threatening  situations  and  may  provide  a  civilian  anal¬ 
ogy  to  the  stress  of  military  combat. 

Progress 

Beginning  in  November  1977,  a  task  force  was  formed  for 
the  purpose  of  reviewing  the  literature  on  civilian  disasters 
and  to  evaluate  the  potential  knowledge  to  be  gained  from 
field  studies  of  disasters.  Since  formation  of  the  task  force, 
the  literature  on  civilian  disasters  has  been  reviewed  and 
several  prominent  authorities  on  disaster  research,  including 
Charles  Fritz,  Ralph  Garrett  and  Russel  Dynes,  have  been  con¬ 
sulted  concerning  the  feasibility  and  utility  of  such  a  proj¬ 
ect.  Based  on  the  literature  review  and  consultations  each 
task  force  member  has  produced  written  recommendations  which 
are  currently  being  synthesized  into  task  force  report.  The 
final  task  force  report  is  expected  to  be  Issued  in  the  near 
future. 
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Work  Unit  043  Military  Stress:  Health,  Perforaance  and  Injury 
Factors 


Investigators. 
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Deacrlption 

The  soldier  must  periorn  In  a  multi-stress  envlro: '"ent  which 
affects  health  and  performance.  Research  under  this  work  unit 
Is  directed  to  a  description  of  the  stress  factors,  determina¬ 
tion  of  the  effects  of  these  stressors  on  health  and  performance, 
end  the  design  and  Implementation  of  counteractive  measures  to 
minimise  ^ uese  effects.  Special  attention  is  paid  to  stresses 
found  In  combat  such  as  continuous  performance,  sleep  depriva¬ 
tion,  and  temporal  disorientation.  The  Incidence  of  neuropsy- 
chiatrlc  injuries  and  disease  In  a  miliary  population,  the 
characteristics  of  these  Illnesses,  counteractive  measures  to 
Improve  recovery,  and  the  effect  of  residual  deficits  on  perfor¬ 
mance  are  addressed  In  this  unit.  Performance  Is  viewed  as  a 
continuum  of  human  activity  ranging  from  simple  motor  behavior 
to  the  most  complex  activity.  A  major  attempt  is  made  to  dls- 
tlnqulsh  between  variations  In  performance  which  reflect;  a) 
changes  in  an  Individual's  basic  sensitivity,  efficiency,  or 
capacity  to  perform  a  given  task;  and  b)  changes  In  the  response 
biases,  response  criteria,  or  strategies  employed  in  task  per¬ 
formance.  The  research  strategy  utllites  field  studies  for  the 
delineation  of  stress  factors  and  their  effects  on  health  and 
performance,  plus  laboratory  studies  for  technical  development, 
to  test  experimental  analogs,  and  to  develop  counter.ictlve 
measures. 

Progress 

1 .  The  Photometric  Txaminatlon  of  Vascular  Events 

Optical  techniques  commonly  used  by  psychophyslologlsts  for 
the  examination  of  vascular  events  were  developed  as  alterna¬ 
tives  to  volumetric  plot hysmography .  Since  the  optical  signals 
appeared  quite  similar  to  those  obtained  by  volumetric  plethys¬ 
mography,  the  optical  ttclmlques  were  referred  to  as  photople¬ 
thysmography  (the  optical  recording  of  changes  In  tissue  volume). 


The  term  photometry,  may,  however,  be  more  appropriate  for  a 
technique  which  measures  light  rather  than  volume.  In  addition 
to  being  technically  correct,  photometry  does  not  contain  the 
physiological  Implications  associated  with  the  term  photoplethys¬ 
mography. 

The  relationship  between  photometric  signals  and  vascular 
events  must  be  defined  In  order  to  make  Inferences  about  vascu¬ 
lar  events  from  the  photometric  data.  It  has  generally  been 
assumed  that  the  DC  component  of  the  photometric  signal  Is  an 
Index  of  total  blood  volume,  and  the  AC  component  Is  an  Index  of 
pulsatile  changes  In  blood  volume.  However,  these  assumptions 
have  not  been  experimentally  confirmed. 

In  an  attempt  to  examine  the  physiological  basis  of  the 
photometric  signal,  we  have  studied  signals  obtained  with  blood 
flow  through  an  in  vitro  system.  The  general  assumption  that 
the  AC  photometric  signal  Is  an  Index  of  blood  volume  pulse  may 
be  tested  by  using  a  rigid  glass  cell  In  the  system.  If  this 
assumption  Is  valid,  an  AC  photometric  signal  will  not  be  ob¬ 
served  In  a  rigid,  non-dlstenslble  glass  cell.  We  have  shown 
that  a  pulsatile  AC  signal  does  occur  In  the  rigid  system  when 
a  pulsatile  change  In  blooc*  flow  Is  produced  by  the  pump.  The 
sinusoidal  photometric  signal  Is  similar  to  that  obtained  with 
the  electrcmagnetlc  flowmeter.  Therefore,  the  AC  component  of 
the  photometric  signal  Is  not  exclusively  an  Index  of  blood 
volume  pulse. 

In  order  to  determine  the  basis  of  the  AC  photometric  sig¬ 
nals  obtained  above,  different  fluids  were  examined  using  the 
In  vitro  system.  When  either  hemolyzed  blood  or  plasma  is 
pulsed  through  the  glass  cell,  there  Is  no  detectable  pulsatile 
photometric  signal.  This  suggests  that  the  presence  of  red 
blood  cells  Is  necessary  for  the  occurrence  of  a  pulsatile 
photometric  signal  In  a  rigid  system.  Since  the  optical  pro¬ 
perties  of  blood  have  been  shown  to  be  dependent  on  blood  flow, 
the  AC  photometric  signal  may  be  an  Index  of  pulsatile  blood 
flow.  From  theoretical  considerations  of  red  blood  cells  as 
light  scattering  objects,  the  orientation  of  red  blood  cells  with 
flow  changes  may  account  for  the  AC  photometric  signals  observed. 

Previous  studies  utilized  rigid  rather  than  compliant  sys¬ 
tems.  The  influence  of  vessel  dlstenslblllty  on  photometric 
signals  was  examined  with  an  agar-encased  dog  artery  Inserted 
In  the  In  vitro  system.  Pulsatile  signals  resulted  when  whole 
blood  was  pulsed  through  the  system.  Pulsatile  signals  were 
also  obtained  when  either  hemolyzed  blood  or  plasma  was  used. 
Therefore,  these  studies  have  demonstrated  that  both  ordering 


of  rod  collo  ond  voosol  movonent  with  flow  contribute  to  the 
photoaotrlc  olgnal, 

Thooo  In  vitro  otudloo  ouggoot  that:  a)  pulaatlla  photo- 
•otric  algnala  aro  poaalbla  In  a  rigid  ayataa  and  are  dapandant 
on  tha  praaanca  of  rad  blood  calla;  b)  in  a  coapliant  ayataa, 
vaaaal  wall  awvaaant  occurring  with  flow  alao  contrlbutaa  to 
tha  photoaatrlc  algnal;  and  c)  tha  DC  algnal  la  directly  related 
to  Incraaaad  flow,  Invaraaly  related  to  vaaaal  dlaaatar,  and  la 
dapandant  on  blood  vlacoalty. 

Tha  conclualona  derived  fron  tha  In  vitro  ayataa  may  aaalat 
In  Interpretation  of  photometric  algnala  from  human  aubjacta. 

Blood  flow  In  euparflclal  arterioa  la  predominantly  pulaatlla. 
Slgnala  from  auperflclal  artariaa  are  comparable  to  thoaa  ob¬ 
tained  in  the  compliant  ayataa.  Blood  flow  In  the  finger  bed 
la  a  combination  of  pulaatlla  and  ataady  flow  with  tha  pulaatlle 
component  predominating  In  the  arterial  circulation  and  the 
ataady  atate  component  predominant  in  tha  venoua  circulation. 

Tha  In  vitro  atudlea  auggaat  that  arterial  eventa  In  the  finger 
bad  contribute  to  the  AC  component  and  venoua  eventa  contribute, 
to  the  DC  component  of  the  photometric  algnal. 

2 .  Non-lnvaelve  Recording  of  Cardlovaacular  Syatem  Behavior 

Field  meaaurementa  of  cardlovaacular  (C-V)  function  are 
aharply  reatrlcted  by  alee,  ruggedneaa,  reliability,  and  noise 
artifact  to  the  aimplest  and  moat  time-proven  techniques.  Con¬ 
tinuous  recording  of  heart  rata  data  (ECG)  and  intermittent 
sphygmoetanometrlc  blood  pressure  readings  are  the  mainstay 
methods  for  discerning  the  C-V  ooncommltants  of  environmental 
and  behavioral  events.  However,  neither  measure  has  sufficient 
power  to  permit  resolution  of  the  dynamic  mechanisms  of  any  C-V 
syatem  response.  Additional  measures  of  stroke  volume,  cardiac 
preload  and  contractility,  peripheral  resistance  and  blood  flow 
distribution  are  deslreahle  In  order  to  circumscribe  both  C-V 
status  and  the  nature  of  responses.  Inferences  as  to  neural  and 
neurohumoral  determinants  of  response  likewise  are  dependent  upon 
auch  a  breadth  of  measurement.  Since  the  latter  determinants  and 
the  function  of  C-V  effector  organs  (l.e,  heart  and  vessels)  have 
a  well-established  chronoblologlc  dimension,  are  potently  modu¬ 
lated  by  non-solectlve  stressors,  and  in  part  determine  the  quality 
of  response,  e.g.  physical  and  mental  performance,  effort  has  barn 
invested  in  developing  a  technologic  context  within  which  field 
C-V  data  may  ba  Interpreted.  Dlscuaaicn  of  specific  facets  of  an 
analytic  "aystems"  approach  to  Invaatlgatlng  the  nsturalletic  (and 
clinical)  interactions  of  tha  environment  and  the  C-V  syatem  la  In 
manuacrlpt  form  (1). 


In  the  laboratory,  slnultaneoua  recording  via  aaveral  non- 
Invaslve  C-V  recording  techniques  has  been  achieved  for  periods 
up  to  three  hours  on  a  beat-to-bcst  basis.  ECG,  phonocardlogran, 
apex  cardiograa,  carotid  and  radial  artery  tonometry,  limb  and 
thoracic  Impedance  plethysmograph,  digital  Infra-red  photople- 
thyamography,  and  ultrasonic  sphygmomanometry  together  have  pro¬ 
vided  a  number  of  continuously  recorded  Indices  of  C-V  system 
function.  Quantitative  changes  and  phasic  interactions  of  these 
indices  have  been  demonstrated  In  response  to  resting  respiration 
and  to  such  manipulation  as  Valsalsa  manuever,  mental  arithme¬ 
tic,  cold  pressor  test.  Isotonic  and  Isometric  exercises,  and 
postural  change.  Means  of  definitively  recording,  reducing, 
computing,  and  analysing  the  resulting  volume  of  data  are  In 
final  stages  of  development,  In  the  form  of  a  digital  recording 
system  and  a  hard-wired  device  for  computing  significant  para¬ 
meters  from  pulse  waveforms.  Accumulation  of  data  sufficient  for 
response  pattern  analysis,  detection  of  redundant  indices,  limits 
of  error  and  other  Indices  of  data  quality  awaits  final  approval 
of  an  Investigative  protocol.  Meanwhile,  the  recording/analytic 
system  Is  finding  application  In  describing  data  derived  from 
pulsatile  Infrared  photoplcthysmographic  measurements  taken 
during  on-golng  laboratory  studies,  described  elsewhere  in  this 
report. 

Investigation  Into  the  applicability,  perhaps  In  the  field, 
of  other  non-lnvasive  sensors  Is  underway.  Among  current  possi¬ 
bilities  are  the  new  low-profile  version  of  the  infrared  photo- 
plethysmograph  discussed  In  the  prior  section,  a  miniature,  r.otr- 
pllant  monolithic  tonometer  being  developed  by  Stanford  Research 
Institute,  and  ultrasonic  flowmeters.  These  and  other  techniques 
are  discussed  by  members  of  this  Department  in  Venables  and 
Martin  (2). 

3.  Blood  Pressure  Measurements  on  German  Gun  Crews 

During  Fire  Mission  Exercises 

In  early  1978,  we  received  an  undocumented  report  from  Ger¬ 
man  colleagues  of  elevations,  to  abnormal  rangea,  of  arterial 
blood  pressure  observed  in  44  mm.  bazooka  gunners,  following  Alf 
fire  missions,  and  persisting  for  2-3  hours.  A  literature 
review  of  "noise"  vis  a  vis  cardiovascular  effects  indicated: 

(1)  a  variable,  probably  non-specific,  and  highly  transient 
cardlo-deceleratlon  in  response  to  loud  percussive  noise, 
similar  In  pattern  to  the  so-called  alerting  response;  and  (2) 
poorly  controlled  and  anecdotal  claims  that  noisy  occupational 
environments  pose  a  risk-factor  for  hypertension  and  athero¬ 
sclerotic  heart  disease.  Given  this  meager  justification,  and 
the  opportunity  had  by  Division  members  to  observe,  for  other 
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rMaoaa,  artlllary  fl«ld  •xcrclaaa,  a  aarlaa  of  haart  rata  and 
blood  praaaura  naaauTementa  vara  nada  on  nanbara  of  DIVARTT, 

82nd  ABN,  gun  erava  durixtg  tha  Spring  of  1978. 

In  tha  firat  auch  "atudy",  23  tMmbara  of  a  105  an  howltaar 
battary  had  blood  praaauraa  racordad  In  tha  aomlng  prior  to 
daployaant  In  ARTEF,  and  than  5-6  additional  tlnaa  during  tha 
flald  axarclaaa,  aapaclally  vlthln  nlnutaa  following  flra  mla- 
alona.  Tha  rata  of  flra  vaa  qulta  low  (  < 10  rounda  par  day, 
par  gun)  Intarruptad  by  prolongad  adalnlatratlva  lull  parloda. 

PDC  taam  mambara  wara  alao  aaaaurad.  In  all  but  a  faw  In- 
atancaa,  blood  praaauraa  obaarvad  wara  wall  within  norsal  rangea; 
tranalant,  mild  (10-20  nn  Hg)  praaaor  raaponaaa  wara  notad  In  a 
handfull  of  Inatancaa,  Involving  FDC  nanbara  (100  aatara  away 
from  guna)  aa  wall  aa  gunnara.  A  "clinical"  impraaalon  waa 
galnad  from  thaaa  "caaual"  maaauramanta  that  avich  elevatlona  aa 
wara  aaan  wara  couplad  to  a  aoclal-oecupatlonal  contaxt  mora 
than  to  gunflra  avanta  or  nolaa,  namaly,  Inatancaa  of  argumenta, 
alm-arrora,  mlaflraa,  and  undaalrad  chack-flra  ordara. 

Tha  aacond  atudy,  undartakan  at  Abardaan  Proving  Grounda 
In  May  1978,  provldad  mora  formal  data.  Two  gun  crava  of  eight 
man  aach  vara  raqulrad  to  "fanflra"  50-60  rounda  from  ona  of 
thraa  guna.  Ovar  four  auccaaalva  daya,  each  crew  had  a  total 
of  alx  mlaalona,  ona  on  a  122  mn.  howltaar,  and  2  or  3  on  155  an. 
and  105  m.  guna.  Duration  of  aach  mlaalon  vaa  4-12  atinutaa 
(depending  on  tha  gun),  and  braach-meaaured  ovarpreaauraa  ranged 
from  1.1  to  2.0  pal.  Gun  crave  could  be  sharply  divided  Into 
loadara  (heavy  work)  and  auparviaora  (light  work)  for  each 
mlaalon,  although  Individual  rolaa  changed  from  gun  to  gun. 

On  aach  of  tha  four  daya,  blood  praaaura  and  haart  rate  vaa 
racordad  for  craw  membara  on  tha  following  achadule:  (1)  In 
barracka,  0600  -  0630  hra;  (2)  in  flald  prior  to  fire  mlaalona: 
(3)  5-15  minutea  poat-fire  mlaalona;  (4)  30  min.  poat-flra  mla¬ 
alona:  (5)  1-24  houra  poat-flre  mlaalona;  and  (6)  In  barracka, 

3-6  houra  poat-flre  mlaalona,  Raaulta  for  all  16  man,  all 
mlaalona  are  tabulated  balovs 


Mean  Heart  Rate 


In  •uaauiry,  substantial  slevstlons  of  heart  rate  and  sys¬ 
tolic  blood  pressure  (less  50  idth  diastolic  pressure)  vere 
observed,  as  expected,  only  In  relation  to  physical  vork  load, 
laBsdlately  after  fire  nisslons;  elevations  vere  greatest  In 
the  loaders,  with  heavier  shell  weight  and  longer  nlselon  dura¬ 
tion  (l.e.,  with  the  155  ne.  gtu).  No  such  elevations  were  sus¬ 
tained  beyond  30  minutes  post-mission,  and  by  l-2>s  hours,  blood 
pressure  and  heart  rates  vere  at  or  near  AM  (prefire)  field  mea¬ 
surements.  No  difference  between  responses  to  morning  versus 
afternoon  missions  was  discerned.  Individuals  with  clinically 
borderline  elevations  of  blood  pressure  (>  140/185)  at  rest 
were  otherwise  undlstlngulshable  from  those  with  lower  resting 
pressures.  Finally,  sporadic  elevations  outside  the  general 
trends  described  were  again  accounted  for  by  the  social  context 
of  the  given  measurement. 

These  results  coincide  with  obser-'etlons  last  susner  by 
Manning  and  Ingraham,  of  ISS  mtm.  howltser  crews  who  fired  up  to 
170  rounds  over  11  hours  of  sustained  fire.  Thus,  these  at¬ 
tempts  to  confirm  the  German  observations  fall  to  suggest  a 
clinically  significant  relationship  between  artillery  fire  and 
sustained  modifications  of  cardiovascular  responses.  Such 
observational  studies  cannot  adequately  describe  the  physiologic 
consequences  of  the  gunnery  occupations,  especially  effects  of 
combustion  products,  noise  and  blast  overpressure,  and  algnlfl- 
cant  health  risks  cannot  be  ruled  out. 
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23.  (U)  To  examine  neuroendocrine  and  neurochemical  correlates  of  stressors  specific 
to  the  military  environment.  Types  of  stress  to  be  studied  will  include  extremes  of 
heat  and  cold,  psychological  stress,  as  well  as  desynchronization  of  circadian  rhythm. 

24.  (U)  Laboratory  and  field  studies  will  examine  the  neuroendocrine  response  to 
psychological  stressors  (I.e.,  simulated  combat  exercises)  ambient  temperature  extremes, 
transmeridian  desynchronization,  and  continuous  performance.  These  responses  will  be 
correlated  with  simultaneously-obtained  data  on  performance  decrement  In  the  same 
subjects  and  work/rest  schedules.  Hormonal  responses  will  provide  bases  for  Inferences  j 
concerning  central  nervous  system  neurotransmitter  pathways  essential  to  adaptation  to 
stress,  and  optimization  of  work/rest  schedules.  This  Information  Is  used  to  recoimend  . 
pharmacologic  and  other  therapies.  Includes  studies  of  physiological  effects  of 
hormones  as  well  as  assay  development. 

25.  (U)  77  10  -  73  09  Further  studies  with  beta-endorphin  (beta  Hpotrophlc  hormone 
61-91  subunit)  reveal  It  produces  marked  bradycardia  and  hypotension.  Other  studies 
show  that  naloxone  temporarily  reverses  endotoxin-induced  shock  without  affecting 
survival  rates.  We  are  succeeding  In  developing  radioimmunoassays  for  several  recently 
discovered  endogenous  peptides  with  potent  physiological  and  potential  psychological 
effects.  Studies  are  in  progress  on  the  effect  of  contingency  management  on  hormonal 
Indices  of  stress  and  group  behavior  under  continuous  performance  requirement.  For 
technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Oct  77  -  30  Sep  78. 
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I.  Endocrine  Profile  as  Indicator  of  Stress  Response 

Our  approach  emphasizes  patterns  of  neuroendocrine  response  rather 
than  the  potentially  misleading  study  of  single  neuroendocrine  systems. 

A  major  immediate  goal  is  to  define  In  detail  the  characteristic  hormone 
response  profiles  for  various  stressful  stimuli:  effect  of  multiple 
stressors,  environmental  factors  such  as  continuous  performance  require¬ 
ments,  transmeridian  desynchronization  and/or  ambient  temperature, 
biological  factors  such  as  differences  In  sex  or  age,  or  effects  of  pain 
or  neural  injury.  Understanding  the  Impact  of  these  factors  often 
requires  laboratory  experiments  which  pursue  leads  developed  In  field 
studies  and  support  work  in  the  Departments  of  Military  Psychiatry  and 
Military  Medical  Psychophysiology.  Hormonal  response  to  stressors,  for 
example,  which  can  be  observed  in  both  field  and  laboratory  studies, 
provides  a  critical  link  In  facilitating  coordination  between  those  two 
efforts.  Studies  of  neurochemical,  neurophysiological  and  neuro- 
anatomical  regulation  of  the  body's  response  to  stress  provides  a  means 
of  Interpreting  the  field  data.  Rational  design  of  prevention  and 
treatment  regimens  for  neuropsychiatric  illness  induced  by  military 
stress  requires  interpretation  of  the  hormonal  response  profiles  for 
stress  in  terms  of  the  neurochemical  systems  producing  the  response. 
Hormone  profiles  are  measured  In  clinical  and  animal  studies  as 
indicators  of  stress;  they  provide  a  basis  for  Inferences  about  changes 
in  brain  function.  For  example,  plasma  prolactin  levels  provide  a 
sensitive  Indication  of  the  degree  of  central  dopaminergic  blockade  in¬ 
duced  by  antipsychotic  medication  (1).  Growth  hormone  secretion  Is 
stimulated  by  central  catecholaminergic  systems  and  is  markedly 
increased  during  slow  wave  sleep  (2,3,4).  Thus,  biochemical  measure¬ 
ments  may  provide  a  useful  measure  of  adequacy  of  rest  periods  during 
continuous  performance  studies.  Additional  neurochemical  studies  in 
animals  will  directly  examine  effects  of  stress  in  neurochemical 
activity  of  the  brain  and  explore  physiological,  dietary,  and  pharmaco¬ 
logic  methods  for  preventing  stress-induced  psychologic  and  physio¬ 
logic  disease. 

A  new  and  Increasingly  Important  area  of  research  concerns  the  role 
of  pituitary  and  brain  peptide  hormones  in  adaptation  to  environmental 
stressors.  Most  promising  are  peptide  subunits  of  beta  lipotropic 
hormone  (bLPH).  bLPH  (MW  6900)  was  isolated  from  pituitary  glands  and 
characterized  by  LI  in  1964  (5).  Its  major  function  was  thought  to  be 
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23.  TuJ  To  examine  neuroendocrine  and  neurocneml^  correlates  or  stressors  specific 
to  the  military  environment.  Types  of  stress  to  be  studied  will  Include  extremes  of 
heat  and  cold,  psychological  stress,  as  well  as  desynchronization  of  circadian  rhythm. 


24.  (U)  Laboratory  and  field  studies  will  examine  the  neuroendocrine  response  to 
psychological  stressors  (i.e.,  simulated  combat  exercises)  ambient  temperature  extremes, 
transmeridian  desynchronization,  and  continuous  performance.  These  responses  will  be 
correlated  with  simultaneously-obtained  data  on  performance  decrement  in  the  same 
subjects  and  work/rest  schedules.  Hormonal  responses  will  provide  bases  for  Inferences 
concerning  central  nervous  system  neurotransmitter  pathways  essential  to  adaptation  to 
stress,  and  optimization  of  work/rest  schedules.  This  information  is  used  to  reconmend 
pharmacologic  and  other  therapies.  Includes  studies  of  physiological  effects  of 
hormones  as  well  as  assay  development. 

25.  (U)  77  10  -  73  09  Further  studies  with  beta-endorphin  (beta  llpotrophic  hormone 
61-91  subunit)  reveal  It  produces  marked  bradycardia  and  hypotension.  Other  studies 
show  that  naloxone  temporarily  reverses  endotoxin-induced  shock  without  affecting 
survival  rates.  He  are  succeeding  In  developing  radioimmunoassays  for  several  recently 
discovered  endogenv'us  peptides  with  potent  physiological  and  potential  psychological 
effects.  Studies  art  In  progress  on  the  effect  of  contingency  management  on  hormonal 
Indices  of  stress  and  group  behavior  under  continuous  performance  requirement.  For 
technical  report  see  Halter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Oct  77  -  30  Sep  7R, 
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Project  3E162771A804  MILITARY  PSYCHIATRY 

Nork  Unit  044  Neuroendocrine  Response  to  Military  Stress 

Investigators. 

Principal:  James  L.  Meyerhoff,  M.D. 

Associate:  G.  Jean  Kant,  Ph.D.,  J.W.  Holaday,  Ph.D.,  MAJ 

Gregory  L.  Belenky,  M.D.,  Edward  H.  Mougey,  M.S., 
David  R.  Collins,  B.S.,  Lee  L.  Pennington,  B.S. 

I.  Endocrine  Profile  as  Indicator  of  Stress  Response 

Our  approach  emphasizes  patterns  of  neuroendocrine  response  rather 
than  the  potentially  misleading  study  of  single  neuroendocrine  systems. 

A  major  inwedlate  goal  Is  to  define  In  detail  the  characteristic  hormone 
response  profiles  for  various  stressful  stimuli:  effect  of  multiple 
stressors,  environmental  factors  such  as  continuous  performance  require¬ 
ments,  transmeridian  desynchronization  and/or  ambient  temperature, 
biological  factors  such  as  differences  In  sex  or  age,  or  effects  of  pain 
or  neural  Injury.  Understanding  the  Impact  of  these  factors  often 
requires  laboratory  experiments  which  pursue  leads  developed  In  field 
studies  and  support  work  In  the  Departments  of  Military  Psychiatry  and 
Military  Medical  Psychophysiology.  Hormonal  response  to  stressors,  for 
example,  which  can  be  observed  1n  both  field  and  laboratory  studies, 
provides  a  critical  link  In  facilitating  coordination  between  those  two 
efforts.  Studies  of  neurochemical,  neurophysiological  and  neuro- 
anatomlcal  regulation  of  the  body's  response  to  stress  provides  a  means 
of  Interpreting  the  field  data.  Rational  design  of  prevention  and 
treatment  regimens  for  neuropsychiatric  Illness  induced  by  military 
stress  requires  interpretation  of  the  hormonal  response  profiles  for 
stress  In  terms  of  the  neurochemical  systems  producing  the  response. 
Hormone  profiles  are  measured  in  clinical  and  animal  studies  as 
Indicators  of  stress;  they  provide  a  basis  for  Inferences  about  changes 
In  brain  function.  For  example,  plasma  prolactin  levels  provide  a 
sensitive  Indication  of  the  degree  of  central  dopaminergic  blockade  in¬ 
duced  by  antipsychotic  medication  (1).  Growth  hormone  secretion  is 
stimulated  by  central  catecholamlnergic  systems  and  Is  markedly 
increased  during  slow  wave  sleep  (2,3,4).  Thus,  biochemical  measure¬ 
ments  may  provide  a  useful  measure  of  adequacy  of  rest  periods  during 
continuous  performance  studies.  Additional  neurochemical  studies  in 
animals  will  directly  examine  effects  of  stress  in  neurochemical 
activity  of  the  brain  and  explore  physiological,  dietary,  and  pharmaco¬ 
logic  methods  for  preventing  stress-induced  psychologic  and  physio¬ 
logic  disease. 

A  new  and  Increasingly  important  area  of  research  concerns  the  role 
of  pituitary  and  brain  peptide  hoimiones  In  adaptation  to  environmental 
stressors.  Most  promising  are  peptide  subunits  of  beta  lipotropic 
hormone  (fiLPH).  ^LPH  (MW  6900)  was  isolated  from  pituitary  glands  and 
characterized  by  LI  In  1964  (6).  Its  major  function  was  thought  to  be 
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23.  (U)  To  examine  neuroendocrine  and  neurochemical  correlates  of  stressors  specific 
to  the  military  environment.  Types  of  stress  to  be  studied  will  Include  extremes  of 
heat  and  cold,  psychological  stress,  as  well  as  desynchronization  of  circadian  rhythm. 

24.  (U)  Laboratory  and  field  studies  will  examine  the  neuroendocrine  response  to 
psychological  stressors  (i.e.,  simulated  combat  exercises)  ambient  temperature  extremes, 
transmeridian  desynchronization,  and  continuous  performance.  These  responses  will  be 
correlated  with  simultaneously-obtained  data  on  performance  decrement  In  the  same 
subjects  and  work/rest  schedules.  Hormonal  responses  will  provide  bases  for  Inferences 
concerning  central  nervous  system  neurotransmitter  pathways  essential  to  adaptation  to 
stress,  and  optimization  of  work/rest  schedules.  This  Information  is  used  to  reconmend 
pharmacologic  and  other  therapies.  Includes  studies  of  physiological  effects  of 
hormones  as  well  as  assay  development. 

25.  (U)  77  10  -  73  09  Further  studies  with  beta-endorphin  (beta  llpotrophic  hormone 

61-91  subunit)  reveal  It  produces  marked  bradycardia  and  hypotension.  Other  studies 
show  that  naloxone  temporarily  reverses  endotoxin- Induced  shock  without  affecting 
survival  rates.  We  are  succeeding  In  developing  radioimmunoassays  for  several  recently 
discovered  endogenous  peptides  with  potent  physiological  and  potential  psychological 
effects.  Studies  are  In  progress  on  the  effect  of  contingency  management  on  hormonal 
Indices  of  stress  and  group  behavior  under  continuous  performance  requirement.  For 
technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Oct  77  -  .30  Sep  7fl. 
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Investigators. 

Principal:  James  L.  Meyerhoff,  M.D. 

Associate:  G.  Jean  Kant,  Ph.D.,  J.W.  Holaday,  Ph.O.,  MAJ 

Gregory  L.  Belenky,  M.D.,  Edward  H.  Mougey,  M.S., 
David  R.  Collins,  B.S.,  Lee  L.  Pennington,  B.S. 

I.  Endocrine  Profile  as  Indicator  of  Stress  Response 

Our  approach  emphasizes  patterns  of  neuroendocrine  response  rather 
than  the  potentially  misleading  study  of  single  neuroendocrine  systems. 

A  major  Immediate  goal  Is  to  define  In  detail  the  characteristic  hormone 
response  profiles  for  various  stressful  stimuli:  effect  of  multiple 
stressors,  environmental  factors  such  as  continuous  performance  require¬ 
ments,  transmeridian  desynchronization  and/or  ambient  temperature, 
biological  factors  such  as  differences  In  sex  or  age,  or  effects  of  pain 
or  neural  Injury.  Understanding  the  Impact  of  these  factors  often 
requires  laboratory  experiments  which  pursue  leads  developed  In  field 
studies  and  support  work  In  the  Departments  of  Military  Psychiatry  and 
Military  Medical  Psychophysiology.  Hormonal  response  to  stressors,  for 
example,  which  can  be  observed  in  both  field  and  laboratory  studies, 
provides  a  critical  link  in  facilitating  coordination  between  those  two 
efforts.  Studies  of  neurochemical,  neurophysiological  and  neuro- 
anatomlcal  regulation  of  the  body's  response  to  stress  provides  a  means 
of  Interpreting  the  field  data.  Rational  design  of  prevention  and 
treatment  regimens  for  neuropsychiatric  Illness  Induced  by  military 
stress  requires  Interpretation  of  the  hormonal  response  profiles  for 
stress  In  terms  of  the  neurochemical  systems  producing  the  response. 
Hormone  profiles  are  measured  In  clinical  and  animal  studies  as 
Indicators  of  stress;  they  provide  a  basis  for  Inferences  about  changes 
In  brain  function.  For  example,  plasma  prolactin  levels  provide  a 
sensitive  Indication  of  the  degree  of  central  dopaminergic  blockade  in¬ 
duced  by  antipsychotic  medication  (1).  Growth  hormone  secretion  is 
stimulated  by  central  catechol  ami nergic  systems  and  is  markedly 
Increased  during  slow  wave  sleep  (2,3,4).  Thus,  biochemical  measure¬ 
ments  may  provide  a  useful  measure  of  adequacy  of  rest  periods  during 
continuous  performance  studies.  Additional  neurochemical  studies  in 
animals  will  directly  examine  effects  of  stress  in  neurochemical 
activity  of  the  brain  and  explore  physiological  dietary,  and  pharmaco¬ 
logic  methods  for  preventing  stress-induced  psychologic  and  physio¬ 
logic  disease. 

A  new  and  Increasingly  Important  area  of  research  concerns  the  role 
of  pituitary  and  brain  peptide  hormones  in  adaptation  to  environmental 
stressors.  Most  promising  are  peptide  subunits  of  beta  lipotropic 
hormone  (sLPH).  bLPH  (MW  6900)  was  isolated  from  pituitary  glands  and 
characterized  by  Li  in  1964  (5).  Its  major  function  was  thought  to  be 
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23.  TO)  To  examine  neuroendocrine  and  neurochemical  correlates  of  stressors  Specific 
to  the  military  environment.  Types  of  stress  to  be  studied  will  include  extremes  of 
heat  and  cold,  psychological  stress,  as  well  as  desynchronization  of  circadian  rhythm, 

24.  (U)  Laboratory  and  field  studies  will  examine  the  neuroendocrine  response  to 
psychological  stressors  (i.e.,  simulated  combat  exercises)  ambient  temperature  extremes, 
transmeridian  desynchronization,  and  continuous  performance.  These  responses  will  be 
correlated  with  simultaneously-obtained  data  on  performance  decrement  in  the  same 
subjects  and  work/rest  schedules.  Hormonal  responses  will  provide  bases  for  inferences 
concerning  central  nervous  system  neurotransmitter  pathways  essential  to  adaptation  to 
stress,  and  optimization  of  work/rest  schedules.  This  information  is  used  to  recomend 
pharmacologic  and  other  therapies.  Includes  studies  of  physiological  effects  of 
hormones  as  well  as  assay  development. 

25.  (U)  77  10  -  73  09  Further  studies  with  beta-endorphin  (beta  lipotrophic  hormone 

61-91  subunit)  reveal  it  produces  marked  bradycardia  and  hypotension.  Other  studies 
show  that  naloxone  temporarily  reverses  endotoxin-induced  shock  without  affecting 
survival  rates.  We  are  succeeding  in  developing  radioimmunoassays  for  several  recently 
discovered  endogenous  peptides  with  potent  physiological  and  potential  psychological 
effects.  Studies  are  in  progress  on  the  effect  of  contingency  management  on  hormonal 
indices  of  stress  and  group  behavior  under  continuous  performance  requirement.  For 
technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Oct  77  -  30  Sep  78. 
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Gregory  L.  Belenky,  M.D.,  Edward  H.  Mougey,  M.S., 
David  R.  Collins,  B.S.,  Lee  L.  Pennington,  B.S. 

I.  Endocrine  Profile  as  Indicator  of  Stress  Response 

Our  approach  emphasizes  patterns  of  neuroendocrine  response  rather 
than  the  potentially  misleading  study  of  single  neuroendocrine  systems. 

A  major  Immediate  goal  Is  to  define  In  detail  the  characteristic  hormone 
response  profiles  for  various  stressful  stimuli:  effect  of  multiple 
stressors,  environmental  factors  such  as  continuous  performance  require¬ 
ments,  transmeridian  desynchronization  and/or  ambient  temperature, 
biological  factors  such  as  differences  in  sex  or  age,  or  effects  of  pain 
or  neural  injury.  Understanding  the  impact  of  these  factors  often 
requires  laboratory  experiments  which  pursue  leads  developed  in  field 
studies  and  support  work  in  the  Departments  of  Military  Psychiatry  and 
Military  Medical  Psychophysiology.  Hormonal  response  to  stressors,  for 
example,  which  can  be  observed  in  both  field  and  laboratory  studies, 
provides  a  critical  link  in  facilitating  coordination  between  those  two 
efforts.  Studies  of  neurochemical,  neurophysiological  and  neuro- 
anatomical  regulation  of  the  body's  response  to  stress  provides  a  means 
of  interpreting  the  field  data.  Rational  design  of  prevention  and 
treatment  regimens  for  neuropsychiatric  illness  induced  by  military 
stress  requires  interpretation  of  the  hormonal  response  profiles  for 
stress  In  terms  of  the  neurochemical  systems  producing  the  response. 
Hormone  profiles  are  measured  in  clinical  and  animal  studies  as 
Indicators  of  stress;  they  provide  a  basis  for  inferences  about  changes 
in  brain  function.  For  example,  plasma  prolactin  levels  provide  a 
sensitive  indication  of  the  degree  of  central  dopaminergic  blockade  in¬ 
duced  by  antipsychotic  medication  (1).  Growth  hormone  secretion  is 
stimulated  by  central  catecholaminergic  systems  and  is  markedly 
Increased  during  slow  v.'ave  sleep  (2,3,4).  Thus,  biochemical  measure¬ 
ments  may  provide  a  useful  measure  of  adequacy  of  rest  periods  during 
continuous  performance  studies.  Additional  neurochemical  studies  in 
animals  will  directly  examine  effects  of  stress  in  neurochemical 
activity  of  the  brain  and  explore  physiological,  dietary,  and  pharmaco¬ 
logic  methods  for  preventing  stress-induced  psychologic  and  physio¬ 
logic  disease. 

A  new  and  increasingly  important  area  of  research  concerns  the  role 
of  pituitary  and  brain  peptide  hotmones  in  adaptation  to  environmental 
stressors.  Most  promising  are  peptide  subunits  of  beta  lipotropic 
hormone  (bLPH).  bLPH  (MW  6900)  was  isolated  from  pituitary  glands  and 
characterized  by  Li  in  1964  (5).  Its  major  function  was  thought  to  be 
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2j.  TU]  To  examine  neuroendocrino  and  nourocnwical  correlates  oT  stressors  specific 
to  the  military  environment.  Types  of  stress  to  he  studied  will  Include  extremes  of 
heat  and  cold,  psychological  stress,  as  well  as  desynrhronitatlon  of  circadian  rhythm. 

24.  (U)  Laboratory  and  field  studies  will  examine  the  neuroendocrine  response  to 
psychological  stressors  (I.e.,  slmulattHl  combat  exercises)  ambient  temperature  extremes, 
transmeridian  desynchronijatlon,  and  continuous  performance.  These  responses  will  be 
correlated  with  simultaneously-obtained  data  on  performance  decrement  In  the  same 
subjects  and  work/rest  schedules.  Hormonal  responses  will  provide  bases  for  Inferences 
concerning  central  nervous  system  neurotransmi tter  pathways  essential  to  adaptation  to 
stress,  and  optimization  of  work/rest  schedules.  This  Information  is  used  to  reconntend 
pharmacologic  and  other  therapies.  Includes  studies  of  physiological  effects  of 
hormones  as  well  as  assay  development. 

25.  (U)  77  10  -  7  '  OR  Further  studies  with  beta-endorphin  (beta  lipotrophic  honwne 

61-91  subunit)  reveal  it  produces  marked  bradycardia  and  hypotension.  Other  studies 
show  that  naloxone  temporarily  reverses  endotoxin-induced  shock  without  affecting 
survival  rates.  We  are  succeeding  in  developing  radioimmunoassays  for  several  recently 
discovered  endogenous  peptides  with  potent  physiological  and  potential  psychological 
effects  St\id1es  are  in  progress  on  the  effect  of  contingency  management  on  hormonal 
Indices  of  strtss  and  group  behavior  under  continuous  performance  regulremenl.  For 
technical  report  see  Walter  Reed  Army  Institute  of  Research  Annual  Progress  Report, 

1  Oct  77  -  3()  Sep  7fl. 
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I .  Endocrine  Profile  as  Indicator  of  Stress  Response 

Our  approach  emphasizes  patterns  of  neuroendocrine  response  rather 
than  the  potentially  misleading  study  of  single  neuroendocrine  systems. 

A  major  Immediate  goal  Is  to  define  In  detail  the  characteristic  hormone 
response  profiles  for  various  stressful  stimuli:  effect  of  multiple 
stressors,  environmental  factors  such  as  continuous  performance  require¬ 
ments,  transmeridian  desynchronization  and/or  ambient  temperature, 
biological  factors  such  as  differences  in  sex  or  age,  or  effects  of  pain 
or  neural  injury.  Understanding  the  impact  of  these  factors  often 
requires  laboratory  experiments  which  pursue  leads  developed  in  field 
studies  and  support  work  In  the  Departments  of  Military  Psychiatry  and 
Military  Medical  Psychophysiology.  Hormonal  response  to  stressors,  for 
example,  which  can  be  observed  in  both  field  and  laboratory  studies, 
provides  a  critical  link  In  facilitating  coordination  between  those  two 
efforts.  Studies  of  neurochemical,  neurophysiological  and  neuro- 
anatomical  regulation  of  the  body's  response  to  stress  provides  a  means 
of  Interpreting  the  field  data.  Rational  design  of  prevention  and 
treatment  regimens  for  neuropsychiatric  illness  Induced  by  military 
stress  requires  interpretation  of  the  hormonal  response  profiles  for 
stress  In  terms  of  the  neurochemical  systems  producing  the  response. 
Hormone  profiles  are  measured  in  clinical  and  animal  studies  as 
Indicators  of  stress;  they  provide  a  basis  for  inferences  about  changes 
in  brain  function.  For  example,  plasma  prolactin  levels  provide  a 
sensitive  indication  of  the  degree  of  central  dopaminergic  blockade  in¬ 
duced  by  antipsychotic  medication  (1).  Growth  hormone  secretion  is 
stimulated  by  central  catecholaminergic  systems  and  is  markedly 
Increased  during  slow  wave  sleep  (2,3,4).  Thus,  biochemical  measure¬ 
ments  may  provide  a  useful  measure  of  adequacy  of  rest  periods  during 
continuous  performance  studies.  Additional  neurochemical  studies  in 
animals  will  directly  examine  effects  of  stress  in  neurochemical 
activity  of  the  brain  and  explore  physiological,  dietary,  and  pharmaco¬ 
logic  methods  for  preventing  stress-induced  psychologic  and  physio¬ 
logic  disease, 

A  new  and  Increasingly  Important  area  of  research  concerns  the  role 
of  pituitary  and  brain  peptide  hormones  in  adaptation  to  environmental 
stressors.  Most  promising  are  peptide  subunits  of  beta  lipotropic 
hormone  (hLPH).  hLPH  (MW  6900)  was  isolated  from  pituitary  glands  and 
characterized  by  Li  in  1964  (B).  Its  major  function  was  thought  to  be 
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lipolysis  anii  Hhpratirn  of  frro  non-esterined  fatty  acids.  Recently, 
however.  Interest  has  focused  on  a  gLPH  peptide  fragment  composed  of 
amino  acids  31  through  91  of  6LPH.  This  peptide  has  been  named 
Beta-endorphin  (eE).  It  Is  a  very  potent  analgetic  and  hypothermic  agent. 
Immunocytochemical  studies  have  demonstrated  Intense  staining  for  both 
o  endorphin  (aE)  and  8  endorphin  (8E)  In  the  pars  Intermedia  of  the  rat 
pituitary,  with  discrete  cells  staining  positively  In  the  anterior 
pituitary  as  well  and  with  no  staining  In  the  pars  nervosa  (6).  While 
the  8  endorphin  antibody  was  highly  specific  for  that  peptide,  the 
8  endorphin  antibody  cross-reacted  considerably  with  8  lipotropic 
hormone  (8LPH),  which  was  previously  demonstrated  to  be  present  In  the 
pars  Intermedia  and  pars  distal  is  (7).  The  function  of  the  pars  Inter¬ 
media  Is  not  known  with  certainty.  It  has  been  associated  with  melano¬ 
cyte  stimulating  hormone  (MSH)  (8),  adrenocortical  stimulating  hormone 
(ACTH)  (7)  as  well  as  eLPH  (7).  We  are  interested  in  assessing  the  role 
of  the  pituitary  as  the  source  of  circulating  endorphins  and  to  ascertain 
the  Interrelationship  among  endorphins  and  hypothalamic,  pituitary,  and 
adrenal  hormones.  It  Is  known  that  endorphins  are  found  In  the 
pituitary  gland  and  in  brain,  they  possess  antinociceptive  activity  and 
we  believe  they  may  be  Involved  in  thermoregulation  and  cardiovascular 
shock  as  well.  Several  Important  questions  remain  to  be  addressed.  Can 
endorphins  be  measured  in  blood?  Are  they  released  from  the  pituitary? 

If  so,  what  regulates  their  release?  What  are  the  physiological  and 
psychological  roles  of  the  endorphins,  if  any?  The  potential  relevance 
of  these  questions  to  military  medicine  is  illustrated  by  the  data  of 
Beecher  (10)  who  studied  the  management  of  pain  In  soldiers  wounded  In 
combat  In  WWII.  Of  215  severely  wounded  soldiers,  32.1%  reported  no 
pain  and  25.6%  only  slight  pain. 

It  has  long  been  recognized  that  the  cardiovascular  system  is 
exquisitely  sensitive  to  the  effects  of  exogenous  opiates  (11,12).  In 
rats,  less  than  one  percent  of  the  morphine  dose  necessary  to  produce 
antinociception  results  in  significant  hypotension  and  bradycardia  (13). 
The  endogenous  opiate,  Met-enkephalin,  also  has  potent  hypotensive 
effects  when  applied  to  the  ventral  surface  of  the  brain  stem  in  the 
cat  (14).  It  is  now  known  that  another  endogenous  opiate,  8  Endorphin, 

Is  concomitantly  stored  and  simultaneously  regulated  along  with  pituitary 
adrenocorti cotropin  (ACTH)  (15,16)  since  stressors  appear  to  result  in 
the  release  of  both  peptides  (15,16),  it  appears  possible  that  stress- 
induced  release  of  e  Endorphin  may  result  in  alterations  in  blood 
pressure. 

The  administration  of  bacterial  1 ipopolysaccharide  endotoxin  in 
animals  has  often  been  used  as  a  model  of  human  septic  shock  (17,18). 

It  has  been  suggested  that  the  profound  hypotension  induced  by  endotoxin 
Is  mediated  through  the  release  of  endogenous  substances  (17,18).  We 
hypothesized  that  endorphins  may  be  one  of  the  more  important  endogenous 
substances  released  by  endotoxin.  To  test  this  hypothesis.  In  collabo¬ 
ration  with  the  Physiology  and  Behavior  Branch,  we  employed  the  specific 
opiate  antagonist  naloxone.  Our  results  show  that  naloxone  not  only 


rapidly  reverses  endotoxin- Induced  hypotension,  but  also  prophylactically 
blocks  Its  occurrence.  Unfortunately  acute  Injections  of  naloxone  as 
well  as  Infusions  of  0.1  mg/kg,  1.0  mg/kg  or  10  tng/kg  failed  to  affect 
survival  In  rats  subjected  to  endotoxin-induced  shock. 

The  failure  of  naloxone  treatment  to  Improve  survival  In  our 
studies  of  rat-endotoxin  shock,  despite  Its  effect  on  blood  pressure, 
suggested  that  factors  other  than  cardiovascular  may  be  critical  deter¬ 
minants  of  survival  In  that  model.  Indeed,  endotoxins  are  known  to 
produce  significant  pathological  changes  In  lung,  gastrointestinal  tract, 
and  kidneys  In  addition  to  their  effects  on  the  cardiovascular  system 
(17,18).  It  seemed  possible  that  cardiovascular  parameters  might  be 
more  Important  determinants  of  survival  In  hypovolemic  as  compared  to 
endotoxin  shock  and  that  naloxone  might  Improve  survival  as  well  as 
blood  pressure  following  hypovolemia.  In  a  preliminary  study,  following 
exsangulnatlon-induced  hypovolemic  hypotension,  naloxone  treatment  rapidly 
Improved  mean  arterial  pressure  and  pulse  pressure.  These  blood  pressure 
changes  were  sustained  and  survival  was  significantly  enhanced  as  com¬ 
pared  to  placebo  treatment.  The  findings  of  this  study  may  Implicate 
endorphins  In  the  pathophysiology  of  hypovolemic  shock  and  suggest  that 
narcotic  antagonists  may  prove  to  be  of  therapeutic  benefit  In  the 
treatment  of  shock. 

In  collaboration  with  the  Physiology  and  Behavior  Branch  we  have 
completed  a  preliminary  study  of  the  effects  of  intravenous  Injection 
of  beta-endorphin  on  respiration,  heart  rate,  blood  pressure  and  operant 
performance  In  the  Rhesus  Monkey.  Marked  hypotension  and  tachycardia 
were  observed  and  fixed-interval  and  fixed-ratio  operant  performance 
were  briefly  disrupted.  A  dose  of  phentolamlne  which  produced  similar 
hypotension  and  tachycardia  failed  to  disrupt  operant  performance. 
Respiration  rate  and  amplitude  were  unaffected  by  beta-endorphin  in 
doses  of  5  and  20  mg.  Beta  endorphin  has  been  shown  to  have  analgetic 
potency  (19);  we  plan  to  compare  the  effect  of  analgetic  doses  of 
beta  endorphin  and  morphine  on  respiration  In  monkeys.  If  sE  produces 
less  respiratory  and  circulatory  depression  than  equianalgetic  doses 
of  morphine,  $E  might  be  preferable  In  some  Instances  as  a  clinical 
analgetic.  Studies  have  begun  on  the  hormonal  effects  of  Injected  beta 
endorphin.  We  are  attempting  to  establish  a  reliable  radioimmunoassay 
for  plasma  beta-endorphin  and  have  succeeded  in  developing  antibody 
activity. 

One  member  of  our  group  has  completed  an  Initial  study  of 
psychiatric  symptoms  during  sustained  operations  during  field  maneuvers 
of  the  British  Arn\y.  Nine  percent  of  the  sixty-six  men  participating 
reported  visual  distortions.  These  reports  of  visual  distortions  were 
obtained  during  interviews  conducted  throughout  the  course  of  the  study. 
All  these  Imperceptions  occurred  under  conditions  of  severe  sleep  loss 
after  three  or  more  days  of  sustained  operations.  Differences  were 
noted  between  the  episodes  occurring  at  night  and  those  occurring 
during  daylight.  The  night  visions  resemble  the  hallucinations  re¬ 
ported  in  the  studies  of  sensory  deprivation  and  In  anecdotal  accounts 


of  prolonged  Isolation  (20.21).  One  man  who  dreamed  he  was  taking  a 
reaction-time  test  was  having  a  hypnagogic  hallucination  (22);  another 
who  thought  that  the  sheeo  in  a  nearby  field  were  polar  bears  was  having 
a  perceptual  illusion  (22).  The  night  visions  were  the  most  comnon  and 
the  most  disruptive  of  the  hallucinations.  Men  saw  night  visions  when 
it  was  totally  dark  and  conversation  was  at  a  minimum,  hence  at  a  time 
when  they  were  socially  isolated  and  deprived  of  sensory  stimulation.  It 
seems  clear  that  the  r  ght  visions  were  more  than  benign  epiphenomena  of 
the  sleep-deprived  state,  and  that  they,  in  and  of  themselves,  confused 
the  men  and  disrupted  their  performance.  The  dependence  of  the  night 
visions  on  conditions  of  social  isolation  and  sensory  deprivation 
suggests  that,  if  social  isolation  and  sensory  deprivation  were  reduced, 
performance  during  sustained  operations  would  be  Improved.  The 
hypnagogic  hallucination  and  perceptual  Illusion  occurred  during  the  day, 
were  brief,  and  did  not  disrupt  performance.  This  suggests  that  they  are 
Indeed  epiphenomena  of  the  sleep  deprived  state  and  of  no  consequence  to 
the  conduct  of  sustained  operations  except  as  Indicators  of  fatigue. 

Collaborative  studies  with  Dr.  Joseph  V.  Brady  at  Johns  Hopkins 
University  have  been  examining  the  effect  of  contingency  management  on 
performance  on  a  group  task  continuously  performed  over  many  days. 

This  experiment  studied  the  effects  of  two  incentive  conditions,  l.e^, 
positive  and  negative  reinforcement,  on  Individual  and  social  behavior 
within  a  three-person  group  residing  In  a  programmed  environment.  Such 
effects  were  evaluated  by  comparisons  between  conditions  of  work-task 
productivity,  ratings  of  Interpersonal  adjustn»ent  and  of  Intrapersonal 
"mood"  status,  e.g. .  depression,  and  other  measures.  Performance  was 
monitored  on  the  Allulsl  Multiple  Task  Performance  Battery  within  a 
duty  station  which  could  be  occupied  by  subjects  one  at  a  time  on  a 
self-determined  rotational  basis  continually  over  a  24  hour  period. 

Heart  rate,  skin  potential,  frontalis  EMG,  and  skin  temperature  were 
recorded  during  work,  and  total  24  hour  urine  volume  was  collected  for 
cortisol  analysis.  The  substitution  of  aversive  for  appetitive  control 
produced  lowered  productivity,  episodes  of  disruptive  behavior,  reports 
of  depression  and  anger  at  experimenters  but  no  changes  In  urinary  free 
cortisol  In  preliminary  experiments.  Mean  dally  urinary  free  cortisol 
levels  did  correlate  positively  however,  with  mean  dally  scores  on  the 
multiple  task  performance  battery  (five  concurrent  tasks).  Studies  are 
planned  on  the  effect  on  performance  and  hormone  excretion  of  the 
addition  or  deletion  of  a  group  member  In  mid-experiment.  Studies  will 
be  done  on  female  as  well  as  male  groups  and  may  later  include  groups 
containing  both  male  and  female  subjects. 

A  study  of  basic  training  at  Fort  Dix  has  been  Initiated  In 
collaboration  with  the  Departments  of  Psychiatry,  Division  of  Neuro¬ 
psychiatry  and  the  Uniformed  Services  University  of  the  Health 
Sciences.  Preliminary  observations  have  begun  preparatory  to  plan¬ 
ning  a  study  which  will  test  the  usefulness  of  urinary  hormone 
assays  In  predicting  success  or  failure  of  recruits  in  coping  with  stress 
In  basic  training. 
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planned  with  the  Department  of 
^^®  Indices  of  transmeridian 

esynchronization  and  effects  of  prophylactic  measures. 
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23.  (U)  In  the  period  of  1956-1969  -Siwie  600  military  volunteers  received  LSD  in  the 
course  of  experiments  with  chemical  warfare  agents  carried  out  at  Kdgewood  Arsenal  AMC 
The  purpose  of  this  work  unit,  mandated  by  the  Surgeon  General,  has  been  a  follow-up 
medical  evaluation  to  determine  whether  there  have  been  any  clinical  or  other  sequelae 
to  the  ingestion  of  this  agent. 


24.  (U)  A  medical  and  epidemiological  follow-up  examination  and  study  has  been  de¬ 
signed  utilizing  the  various  disciplines  of  clinical  medicine,  psychiatry,  psychology 
and  epidemiology. 


25.  (U)  77  10-78  09  At  the  direction  of  OTSG  the  materials  for  medical  evaluation  and 

the  final  examination  module  for  individuals  who  received  psycho-active  substances  has 
been  turned  over  to  the  OTSG  and  HSC  for  completion  of  the  examinations.  All  data 
files  have  been  transferred  to  the  responsible  officer  from  the  OTSG  and  responsibilltv 
for  examinations  of  all  remaining  former  subjects  as  well  as  the  analysis  of  data  have 
been  transferred  to  the  OTSG  representative.  The  design  and  piloting  phase  of  this 
follow-up  being  completed,  the  obligations  and  participation  of  WRAIR  have  been  termi¬ 
nated  as  of  this  past  fiscal  year.  For  technical  report  see  Walter  Reed  Army  Insti¬ 
tute  of  Research  Annual  Progress  Report,  I  Oct  77  -  30  Sept  78. 
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Work  Unit  045  Follow  Up  Studies  of  Human  Volunteers  Who  Received 
Psychoactive  Substances 


Investigators . 

Principal:  David  H.  Marlowe,  Ph.D. 

Associate:  LTC  Juan  M.  Garcia,  MC,  MAJ  Steven  D.  Gilbert,  MC, 
MAJ  David  A.  McFarllng,  MC,  MAJ  Daniel  Redmond,  MC, 
CPT  George  D.  Bishop,  MSC,  Glenn  T.  Gurley,  BA, 
Stanley  Hall,  BA,  Frederick  W.  Hegge,  Ph.D., 

Joseph  M.  Rothberg,  Ph.D.,  Helen  Sing,  MS,  SP5 
Marie  A.  McCarty,  SP5  JoAnne  Smith. 


Description 

During  the  period  1956-1969  some  600  military  volunteers 
received  Lysergic  Acid  Diethylamide  (LSD)  in  the  course  of 
experiments  carried  out  at  Edgewood  Arsenal,  AMC.  In  1975 
OTSG  mandated  that  the  WRAIR  Division  of  Neuropsychiatry  take 
responsibility  for  the  development  of  a  follow  up  medical  eval¬ 
uation  of  these  individuals.  The  Division  of  Neuropsychiatry 
was  also  charged  with  assessing  whether  or  not  a  scientific 
study  was  feasible  that  would  determine  if  there  were  specific 
clinical  sequelae  causually  related  to  the  ingestion  of  LSD 
under  the  auspices  of  researchers  in  chemical  warfare. 

Progress 

WRAIR  and  the  Department  of  Military  Psychiatry  partici¬ 
pation  in  Follow  Up  Studies  of  Human  Volunteers  was  terminated 
during  the  course  of  the  first  half  of  FY78.  Examination 
modules  developed  at  WRAIR,  data  files,  medical  files,  and  all 
other  pertinent  Information  were  turned  over  to  OTSG,  USA.  OTSG 
set  up  a  special  office  to  carry  out  the  post-pilot  medical  ex¬ 
aminations  of  the  remaining  former  volunteers.  This  work  unit 
has  been  terminated  as  a  WRAIR  activity. 
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physical  environment  that  create  risk  t'or  ,iiKi  conduce  to  psychiatric  hreakdown. 
behavioral  dysfunction,  psychosom.it  ic  and  phvsical  illness  as  thei  impact  on  indnidii.il 
and  unit  effect  i  veness  and  consume  he.ilth  care  resources. 
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Work  Unit  046  Medical  Factors  Limiting  Soldier  Effectiveness 
Investigators 

Principal:  MAJ  Larry  H.  Ingraham,  Ph.D.,  MSC 

Associate;  MAJ  Frederick  J.  Manning,  Ph.D.,  MSC 

DESCRIPTION. 

Work  within  the  unit  during  the  first  year  of  its  existance  ex¬ 
plored  the  fertility  of  this  field  setting  for  inquiries  into  environ¬ 
ments  (social,  organizational,  psychological  and  physical)  that  create 
risk  for  psychiatric  breakdown,  behavioral  disfunction,  and  illness, 
and  especially  their  impact  on  individual  and  unit  effectiveness  and 
health  care  resources.  These  exploratory  efforts  were  aimed  at  secur¬ 
ing  a  broad  knowledge  of  the  European  environment  that  will  be  used 
to  plan  more  definitive  studies.  This  work  was  accomplished  by  tar¬ 
geting  on  militarily  significant  problems  identified  by  commanders  as 
pressing  concerns  within  the  European  theater  of  operations.  Three 
such  concerns  guided  our  work. 

BIOMEDICAL  ASPECTS  OF  CONTINUOUS  OPERATIONS. 

The  ability  of  soldiers  to  perform  around  the  clock  in  a  sustained 
engagement  is  a  matter  of  serious  concern  to  military  commanders 
planning  for  a  major  military  operation  in  Europe.  V  Corps  Artil¬ 
lery  became  concerned  about  their  ability  to  sustain  high  rates  of 
fire  called  for  in  planning  scenarios,  and  requested  assistance  in 
evaluating  the  abilities  of  their  personnel  to  meet  the  projected 
rates  of  fire  demands.  We  responded  with  an  extensive  interview 
and  observation  schedule  to  provide  us  a  detailed  background  from 
which  we  might  rank  by  order  of  importance  those  factors  most  likely 
to  degrade  performance.  Observations  were  made  both  in  garrison  and 
in  the  field  and  included  both  active  duty  service  members  and  their 
dependents  in  a  single  field  artillery  (cannon)  battalion.  Ques¬ 
tionnaire  data  was  collected  and  personnel  and  medical  records  were 
screened  to  provide  data  for  correlations  with  critical  units  events 
like  the  Annual  General  Inspection,  ARTEPs,  ammunition  up-loads,  and 
participation  in  REFORGER  exercises.  Wc  submitted  an  interim  report 
to  the  Corps  in  .July  1978;  detailed  analysis  of  the  observations  and 
preparation  of  the  final  report  is  currently  underway. 

EPIDEMIOLOGY  OF  ADM  I  NT. STRATI  V  V.  ni.SGIIARGE..S 

Personnel  who  leave  the  command  prior  to  their  exjii ration  of  their 
normal  tours  of  duty  for  administrative  reasons  impose  a  serious 


I  .  (.1 


drain  on  the  available  manpower  within  the  eommarul.  Nearly  all  of  these 
discharges  stem  from  some  form  of  maladajitive  behavior.  For  example, 
one  quarter  to  one  third  of  these  individuals  are  discharged  for  reasons 
of  inappropriate  drug  or  alcohol  use.  I'hese  individuals,  along  with 
an  unknown  number  of  others  who  are  processed  through  mental  hygiene 
clinics  pose  a  continuing  demand  for  health  care  resources.  Responsi¬ 
ble  preventive  psychiatry  is  currently  hindered  by  the  little  epi¬ 
demiological  ly  significant  data  available  on  this  population  to  in¬ 
clude  such  basic  information  a.s  a  detailed  demographic  profile  or  the 
distribution  of  military  units  generating  those  discharges.  There¬ 
fore,  we  screened  the  personnel  records  of  all  individuals  leaving 
the  command  for  administrative  reasons  during  one  entire  month.  In 
addition,  we  conducted  in-depth  group  and  individual  interviews  with 
a  10%  sample  of  the  population  that  focused  on  military  careers  from 
motivations  toward  entering  the  Army,  through  basic  and  advanced 
training,  experiences  in  liurope.  and  perceptions  uihua  leaving  the 
service.  These  data  .are  currently  being  analyzed. 

PRRVF.NTION  OF  ORIIG  OVl-.RnO.Sf.  CAJillAl.Tl FS . 

Soldiers  who  use  illicit  drugs  continue  to  receive  mv\ch  attention  from 
the  F.uropean  Command.  One  of  the  most  powerfvil  indicants  of  increas¬ 
ing  illicit  drug  use  is  increasing  numbers  of  drv»g-related  deaths.  As 
deaths  increase,  there  is  an  increasing  <.lomand  for  medical  services  to 
manage  the  near-death  overdose  casualties.  Tittle  information  was 
available  of  epidemiological  significance  regarding  drug  overdose 
casualties.  Therefore,  wc  are  conducting  a  stvidy  of  drug  overdose 
casualties  using  interview  techniques.  The  method  used  is  the  psycho¬ 
logical  autopsy,  originally  developed  to  assist  medical  examiners  in 
specifying  cause  of  death.  It  involves  interviewing  the  friciids, 
leaders,  and  associates  of  the  casualty  with  the  object i\’  of  recon¬ 
structing  insofar  as  possilile  the  events  and  ci  reumstances  immediate  1\' 
preceding  the  overdose.  The  objectives  of  the  stinb-  arc  to  provide 
psychological  profiles  of  the  overdosed,  and  to  seek  w,i\s  of  preventing 
recurrence.  Only  casu.ilties  who  are  admitted  to  the  hospital  in 
seriously  ill  or  very  seriously  ill  status  have  been  consiilered  diirinj; 
the  initial  stages  of  itu|uiry.  Pata  collection  and  .inalNsis  is  on¬ 
going  and  will  continue  through  lY  IPSO. 
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23.  (U)  This  unit  examines  mllltarv  organi lational ,  social,  psychological,  and  environ' 
mental  factors  that  create  risk  lor  .ind  conduce  ro  psychiatric  disease,  psychosomatic 
Illness,  behavioral  dysfunction  and  physical  illmss  as  they  effect  Army  personnel  and 
impact  of  care  giving  agencies. 

124.  (U)  The  methods  of  epidemiology,  includiixg  ncords  surveillance,  population  and 
demographic  analysis,  questionnaire  and  field  and  cohort  studies  as  well  as  methods  of 
the  psychological  and  social  sciences  are  used  to  delineate  environments  of  risk  for 
psychiatric  Illness  and  periods  of  special  risk  for  such  Illness  at  critical  points  in 
the  career  of  the  soldier. 


25.  (U)  77  10-78  09  Analysts  of  the  past  and  present  patterns  of  psychiatric  dlse.asc. 
Illnesses  with  a  psychosomatic  ciwiponent  and  behavioral  dysfuntlons  is  underway  utiliz 
ing  materials  available  through  IPOS  and  other  DA  reporting  systems.  Studies  arc  bein] 
carried  out  analyzing  the  psychological  and  health  problems  of  women  in  the  Array. 

■pidi-miology  of  neurological  syndromes  following 
I  carried  out  reviewing  aspects  of  therapeutic 
Analysis  of  cohorts  representing 
■■■72  to  determine  peroursors  of  dysfunctional 
the  development  of  an  Instrument  to  study  the 
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Studies  are  being  carried  out  on  the 
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Work  Unit  047  Military  Psychiatric  Epidemiology 
Investigators . 

Principal:  David  H.  Marlowe,  Ph.D. 
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MAJ  Steven  D.  Gilbert,  MC,  MAJ  David  A.  McFarling, 
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E.  Datel,  Ph.D.,  Robert  N.  Dornl^art,  MA,  Glenn  T. 
Gurley,  BA,  Richard  Howard,  MA,  Richard  Oldakowski, 
Joseph  M.  Rothbcrg,  Ph.D.,  SFC  Jeremiah  R.  Dixon, 
SSG  Nelson  S.  Henry,  SP5  Joseph  Bruer,  SP5  Mildred 
Hester,  SP5  Rlieebe  Howard,  SP5  Patricia  Kllng, 

SP5  Marie  A.  McCarty,  SP5  Melvin  B.  Rice,  SP5 
JoAnne  Smith,  SP5  Peggy  Kaiser. 


Description 


The  military  environment  places  markedly  different  demands 
and  strains  upon  its  population  than  do  civilian  enviroments. 
These  demands  and  differences  in  terms  of  Individual  and  unit 
effectiveness  and  performance,  mental  and  physical  health,  and 
behavioral  disruption  and  dysfunction  have  chronic  effects  in 
peacetime.  In  periods  of  deployment  and  combat,  such  stiesses 
may  have  acute  affects  on  the  capability  of  units  and  individuals 
to  perform  their  missions.  This  unit  examines  military  organi¬ 
zational,  social  psychological,  and  environmental  factors  that 
both  create  risk  for  and  militate  against  psychiatric  disease, 
psychosomatic  and  physical  Illness,  behavioral  dysfunction  and 
disruption  of  performance  as  they  affect  Army  personnel  and 
impact  on  care  giving  agencies.  The  methods  of  epidemiology, 
including  records  surveillance,  population  and  demographic 
cohort  studies  and  methods  of  the  psychological  and  social 
science*  are  used  to  delineate  factors  conducing  to  risk  as 
well  as  mitigation  for  such  Illnesses,  disruptions  and  dys¬ 
functions. 


1.  Battle  Injuries  and  Associated  Neurologic  Disorders 
Sustained  by  Active  Duty  Army  Personnel  During  the  Vietnam 
Conflict 
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Description 

A  descriptive  analysis  of  battle  Injuries  sustained  In 
previous  conflicts  may  be  of  value  In  predicting  the  effects  of 
combat  on  health  and  recovery  patterns  and  long  term  Impact 
on  the  Army  Medical  system.  A  research  proposal  has  been  Imple¬ 
mented  to  perform  an  epidemiologic  study  of  battle  Injuries  and 
associated  neurologic  disorders  sustained  by  active  duty  Army 
personnel  during  the  Vietnam  conflict. 

Progress 

Data  records  from  the  Individual  Medical  Records  (IMR)  and 
Individual  Patient  Data  System  (IPDS)  of  hospitalizations  due  to 
Battle  Injuries  (BI)  wore  provided  by  the  Patient  Administration 
System  and  Biostatistical  Activity  (PAS&BA)  of  the  Patient  Admin¬ 
istration  Division  of  the  Health  Services  Command.  These  data 
records  were  processed  by  WRAIR  and  selected  portions  of  the 
records  were  transmitted  to  the  Veterans  Administration  (VA) 
Beneficiary  Identification  and  Location  System  (BIRLS) .  The  In¬ 
formation  returned  from  BIRLS  was  processed  at  WRAIR  and 
selected  portions  were  transmitted  back  to  PAS&BA  to  be  pro¬ 
cessed  with  the  IPDS.  This  later  processing  provided  data 
records  of  hospitalizations  (1971  through  1977)  of  Individuals 
whose  Social  Security  Account  Number  (SSAN)  is  either  a)  the 
same  as  an  IMR  or  IPDS  BI  with  that  SSAN,  or  b)  the  same  as  the 
SSAN  of  a  BIRLS  record  selected  because  the  first  or  second  Ser¬ 
vice  Number  (SVN)  is  the  same  as  the  SVN  of  an  IMR  BI . 

There  were  126,067  distinct  SVNs  which  were  extracted  from 
the  PAS&BA  BI  data  records  and  sent  to  the  VA  BIRLS.  The  BIRLS 
located  82%  (103,742)  of  those  records  in  their  files.  All  of 
the  matches  contained  a  name  but  only  45%  (57,223)  also  con¬ 
tained  a  SSAN.  The  SSAN  from  the  BIRLS  as  well  as  those  pre¬ 
viously  available  from  PAS&BA  BI  records  were  processed  to  give 
95,843  unique  SSAN  which  were  transmitted  to  PAS&BA  to  be 
matched  against  the  IPDS. 

There  remain  68,844  BI  SVN  wliich  do  not  have  matching  SSAN. 
Microfilm  copies  of  the  Army  payroll  records  vrtilch  contain  both 
SSAN  and  SVN  are  available  at  the  Port  Benjamin  Harrison  Finance 
Center. 

The  internal  validity  of  tlie  individual  data  columns  of  the 
IMR  have  been  tabulated  (256  possible  codes  for  eacli  of  tiie  80 
positions  In  each  of  tlu'  354,289  records).  Tlie  eight  column 
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field  for  Che  body  of  the  SVN  had  non-numeric  characters  for 
86  IMR  records.  These  non-numeric  characters  prevent  linkage  of 
these  records  to  any  others.  The  remaining  354,203  IMR  records 
had  data  columns  that  ranged  from  OZ  to  27X  missing  and/or 
Invalid  values . 

The  Internal  consistency  of  the  IMR  records  has  been  par¬ 
tially  tested  by  use  of  the  data  columns  which  Indicate  the 
total  number  of  data  cards  for  the  current  medical  event  and  the 
sequential  position  of  the  current  card  within  that  total  number 
Review  of  several  hundred  data  records  suggests  that  Che  Incon¬ 
sistencies  can  be  adequately  resolved.  This  analysis  Is  contlnu 
Ing. 


Evaluation  of  the  external  consistency  of  the  IMR  against 
the  BIRLS  uses  the  correspondence  (or  lack  thereof)  of  similar 
data  appearing  in  both  files.  Provisional  analysis  comparing 
age  and  date  of  birth,  dates  of  service  with  date  of  admission 
and  with  date  of  death  show  13%  Inconsistent  records. 

External  validity  Is  being  evaluated  through  the  use  of 
battle  injury  reports  that  are  Independent  of  the  IMR  and  IPDS 
systems.  Such  reports  have  been  located  In  the  Vietnam  Studies 
and  in  medical  and  scientific  journal  articles.  The  popular 
press  Is  currently  being  reviewed  for  comparable  reports. 

2.  Psychiatric  Hospitalization  of  Fenales  in  the  Army 
Description 

This  is  a  four  year  prospective  study  which  will  determine 
the  extent  to  which  psychiatric  hospitalization  and  diagnosis 
differ  between  male  and  female  soldiers  during  the  course  of 
their  first  term  enlistment.  A  further  comparison  will  be  made 
of  hospitalization  outcome  of  soldiers  receiving  traditional 
basic  training  versus  soldiers  receiving  sex-integrated  basic 
training.  As  this  study  progresses  it  is  anticipated  that  it 
will  generate  hypotheses  which  can  be  tested  In  epidemiological 
field  studies. 

Progress 

Each  of  the  seven  basic  training  posts  within  CONICS,  as  a 
result  of  a  dictate  from  HQ  TRADOC,  submitted  rosters  of  all 
male  and  female  enlistees  entering  the  Army  in  tl\e  month  of  June 
1977. 


In  addition,  rosters  of  all  male  and  female  soldiers  who 
participated  in  the  Basic  Initial  Entry  Training  Test  (8IET)  at 
Ft.  McClellan,  Alabama  completed  in  October,  1976  and  male  and 
female  basic  trainees  undergoing  traditional  training  during  the 
same  period  were  submitted  and  received. 

Cohort  definition  is  not  yet  complete.  Machine  readable 
lists  have  been  produced  of  soldiers  participating  in  tradi¬ 
tional  and  gender  integrated  basic  training  at  Ft.  Jackson  in 
October  1976  and  of  soldiers  drawn  from  seven  reception  stations 
in  June  1977.  Initial  attempts  to  identify  these  25,793  soldiers 
within  the  MILPERCEN  system  have  located  78%.  Attempts  to  iden¬ 
tify  the  sources  of  the  mismatches  are  continuing. 

The  formats  for  the  anticipated  reports  have  been  developed 
and  computer  programs  have  been  written  to  produce  the  reports. 
Cross-tables  of  the  demographic  characteristics  recorded  in  the 
Enlisted  Master  File  have  been  generated  from  the  located  records 
of  soldiers  who  entered  the  Army  during  the  cohort  definition 
period. 

3.  The  Expectation  Fraction  Instrument 
Description 

Research  carried  out  in  the  psycho-social  aspects  of  psychi¬ 
atric  epidemiology  during  recent  years  has  indicated  that  avail¬ 
ability  and  quality  of  an  individual’s  social  support  network  - 
serves  a  major  function  determining  the  health  outcome  for  that 
individual  in  the  sequence  of  responses  to  both  acute  and 
chronic  stress.  Much  of  the  literature  of  military  psychiatry 
indicates,  as  well,  that  the  face  to  face  social  supports  pro¬ 
vided  by  the  soldier's  primary  group  serve  in  a  powerful  manner 
to  affect  his  ability  to  successfully  cope  with  the  multiple 
stress  of  deployment  and  the  battlefield.  The  Expectation 
Fraction  Instrument  represents  an  initial  attempt  to  develop  a 
quantifiable  instrument  for  assaying  and  inventorying  the  self- 
perceived  quality  and  frequency  of  contact  of  an  individual 
with  his  network  of  "significant  others"  -  those  who  comprise 
his  social  support  system.  Tlie  successful  development  of  such 
a  model  would  enable  us  to  relate  critical  psycho-social 
processes  and  the  individual's  perceived  relationship  to  his 
social  support  system,  to  protection  and  susceptibility  to  break¬ 
down  while  under  conditions  of  stress  as  well  as  to  the  evolu¬ 
tion  of  health  outcomes. 


Progress 


An  initial  version  of  the  Expectation  Fraction  Instrument 
was  developed.  A  pilot  study  to  test  its  reliability  and  con¬ 
struct  validity  was  completed  this  summer.  An  Initial  sample 
of  50  to  determine  test-retest  and  internal  reliability  was 
completed  and  analyzed.  A  more  extensive  sample  of  100  to  de¬ 
termine  the  Instrument's  validity  was  collected  and  is  now  in 
the  process  of  being  analyzed.  The  subjects  for  both  samples 
were  drawn  randomly  from  the  civilian  and  military  staff  of 
WRAIR.  Initial  analysis  established  that  external  reliability 
product-moment  correlations  are  above  +0.80.  The  internal 
Kuder-Rlchardson  reliability  correlations  are  also  above  +0.80. 
The  external  and  internal  reliability  of  the  EFI  is  therefore 
apparently  high.  Initial  analysis  also  indicates  that  a  step¬ 
wise  linear  gradient  appears  to  exist  between  individual  percep¬ 
tions  of  social  support  and  responses  made  on  the  General  Well 
Being  and  Hopelessness  Scales.  More  exacting  validity  measure¬ 
ments  and  further  analysis  are  currently  being  conducted. 

4.  Career  Outcome  Study 
Description 

Urine  positivity  for  drugs  of  abuse  is  assumed  to  be  a  risk 
factor  for  psychiatric,  and  physical  Illnesses  as  well  as  behav¬ 
ioral  dysfunctions  and  ineffective  performance.  Tliis  stvidy  was 
designed  to  assess  the  long  range  behavioral  implications  of 
urine  positivity  and  its  potency  as  a  factor  of  selection  for 
risk  for  health  and  behavioral  problems  and  to  evaluate  the 
medical  evaluation  procedure  following  designation  of  an  indivi¬ 
dual  as  urine  positive.  A  cohort  demonstrating  this  presvimed 
risk  factor  and  controls  who  entered  the  Army  during  1972-73 
was  defined  in  order  to  prospectively  study  their  Individual 
medical  and  military  careers.  The  cohorts  consist  of  1967  in¬ 
dividuals  with  positive  urines  and  2432  negative  urine  controls. 
The  rate  of  matching  was  slightly  over  80%  for  e.ach  cohort. 

Progress 

Analysis  by  the  members  of  this  coliort  for  specific,  pre¬ 
cursors  of  Illness  and  dysfunctional  behavior  is  continuing. 
There  are  no  special  results  to  be  reported  tor  this  year. 
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5.  Psychotropic  Prescription  Medication  in  Vietnam 
Description 

In  1967,  a  questionnaire  was  mailed  to  Army  physicians 
performing  out-patient  services  for  troops  on  duty  in  Vietnam. 
This  questionnaire  presented  a  list  of  28  psycho-active  medi¬ 
cations  and  requested  the  physician- respondent  to  Indicate  all 
uses  of  the  drug  listed.  Of  233  questionnaires  mailed  to  non- 
psychiatrists,  110  were  returned.  6  of  21  psychiatrists  re¬ 
sponded  as  did  two  Navy  psychiatrists.  This  questionnaire 
represented  the  only  attempt  at  sustained  data-gatherlng  on  the 
Impact  of  the  therapeutic  use  of  psycho-pharmocologic  agents  in 
the  combat  environment.  These  materials  have  been  analyzed  in 
collaboration  with  the  Office  of  the  Consultant  in  Psychiatry. 

Progress 

The  principal  value  of  the  data  is  to  be  found  in  the 
nature  of  the  sample  of  patients  for  whom  the  drugs  were  pre¬ 
scribed.  We  know  of  no  other  study  published  in  the  open  liter¬ 
ature  of  psychotropic  drug  precrlptions  on  military  troops 
serving  in  a  combat  zone. 

The  shortcomings  in  the  study  are  many.  The  physician  re¬ 
sponse  rate  was  poor,  particularly  among  the  psychiatrists.  The 
data  that  were  reported  were  not  always  exact  nor  meticulously 
recorded,  seeming  at  times  to  be  drawn  from  memory  rather  than 
medical  records.  Number  of  patients  served  and  number  of  pre¬ 
scriptions  written  were  necessarily  confounded  in  the  analysis. 

Keeping  in  mind  the  nature  of  the  sample  a^ j  the  limita¬ 
tions  of  the  study,  the  major  findings  of  the  study  were: 

(1)  The  best  estimate  for  the  annual  psychotropic  drug 
prescription  rate  was  12.5  per  cent  of  all  prescriptions. 

(2)  Psychiatrists  prescribed  more  psychotropic  drugs  per 
prescribing  physician  than  did  the  primary  care  physicians,  with 
such  a  by-discipllne  prescription  ratio  being  1.5  (i.e.,  20.2 

to  13.7). 

(3)  Gastroenteritis  was  the  most  frequently  occurring  con¬ 
dition  to  be  treated  with  the  psychotropic  drug  armamentarium 

of  the  primary  care  physician.  Compazine  was  the  drug  of 
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choice  for  this  condition  and  the  results  of  the  treatment  were 
judged  by  the  treaters  to  be  very  good. 

(4)  Excluding  gastroenteritis,  the  most  frequently 
occurring  condition  treated  with  psychotropic  drugs  by  either 
primary  care  physicians  or  by  psychiatrist  was  anxiety.  It  was 
treated  principally  with  minor  tranquilizers  and  the  results 
noted  were  quite  good. 

(5)  Combat  fatigue,  a  subset  of  the  anxiety  cases,  was 
treated  most  frequently  with  a  major  tranquilizer  and  the  re¬ 
sults  were  usually  good. 

(6)  A  wide  variety  of  conditions  were  treated  with  the 
psychotropic  agents,  especially  by  the  primary  care  physicians. 
In  general  the  results  described  were  quite  efficacious,  with 
possible  exceptions  in  the  case  of  anorexia  and  headache. 

(7)  Primary  care  physicians  tended  to  view  the  results  ob¬ 
tained  from  the  medications  used  more  favorably  than  did  psychi¬ 
atrists  . 

(8)  Psychiatrists  tended  to  prescribe  the  psychotropic 
drugs  in  heavier  doses  and  for  longer  periods  of  time  than  did 
the  primary  care  physicians. 

(9)  Disallowing  the  lilghly  frequent  use  of  Compazine  for 
gastroenteritis,  one  of  out  every  five  psychotropic  drugs  pre¬ 
scribed  by  either  the  primary  care  physicians  or  the  psychia¬ 
trists  was  a  sedat ive/hynotlc .  Obviously  the  newly  established 
generation  of  tranquil! zing  medications  has  not  completely  re¬ 
placed  the  barbiturates,  at  least  not  in  1967. 

(10)  Presenting  conditions  for  which  psychotropic  drugs 
were  prescribed  were  rarely  labeled  as  depression  by  the  primary 
care  physicians,  and  seldom  labeled  as  such  by  the  psychiatrists. 
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I .  Introduction 

The  Department  of  Army  is  a  major  consumer  and  developer  of  communi¬ 
cations  and  electronic  systems  which  employ  a  large  segment  of  the 
electromagnetic  spectrum.  The  freauencies  actually  employed  extend  from 
the  audio  band-ilin  the  order  of  10"^  Hz)  to  millimeter  wave  bands  (in  the 
order  of  10  ~  ^  Hz).  In  terms  of  total  pieces  of  deployed  equipments, 

the  numerically  most  prominent  band  is  the  HF  band  (10^  to  10^  Hz)  where 
nearly  one-quarter  of  a  million  sources  exist  (1).  These  items  of  equip¬ 
ments  are  primarily  tactical  coninunications  devices  and  are  typically  of 
relatively  low  radiated  power  (in  the  order  of  10~'  W).  The  most 
prominent  high  power  band  (in  the  order  of  lO"^  to  10^  W)  is  the  radar  L 
band  (in  the  order  of  10^  Hz)  where  approximately  200  sources  exist  in 
CONUS  alone.  A  typical  application  for  these  sources  is  deployment  as 
air  defense  radars,  i.e.  target  acquisition  and  tracking  radars.  The 
band  of  most^active. development  is  in  the  millimeter  wave  bands  (in  the 
order  of  10  ^  to  10  Hz)  (2).  Typical  uses  for  these  sources  are  as 
terrain  mapping  and  guidance, radars-  Total  radiated  power  is  most  often 
moderate,  in  the  order  of  10  to  10^  W.  However,  high  power  sources  are 
becoming  available  such  as  the  recent  development  of  a  105  KW,  CW 
gyrotron  operating  at  28  GHz. 

Biological  effects  arc  definitely  known  to  extend  from  34  MHz  to 
100  GHz.  The  lower  frequency  extreme  (34  x  lO”  Hz)  represents  the 
frequency  of  optimal  energy  transfer  to  a  grounded  1.7  M  man  with  long 
axis  parallel  to  the  electric  field.  The  upper  frequency  extreme  (ca. 

10  '  Hz)  represents  the  frequency  of  coherent  thermoelastic  resonances. 
There  are  a  myriad  of  factors  that  come  into  play  at  these  and  inter¬ 
mediate  frequencies.  Prominent  among  these  is  depth  of  penetration, 
coupling  efficiency  and  focusing  factors  in  both  the  transmitted  field 
and  the  geometry  of  target  organs.  It  is  likely  that  frequencies  beyond 
the  two  extremes  described  above  will  prove  to  be  important,  especially 
in  scientific  application. 

The  Surgeon  General  of  the  United  States  Army  has  direct  responsi¬ 
bility  under  AR  70-1  for  the  final  detennination  of  operator  and  personnel 
safety  in  the  presence  of  these  emitters.  The  Surgeon  General's  resources 
for  tills  task  are  chiefly  USACHA  and  USAMROC.  Ihe  enterprise  is  greatly 
complicated  by  the  fact  that  no  international  aqreeiwnt  exists  on  the 
standards  of  safe  exposure.  Th  s  lack  of  agreement  is  the  result  of 
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many  factors,  not  all  of  them  scientific.  There  are,  however,  numerous 
discrepancies  of  fact,  not  to  mention  Interpretation,  that  exist  within 
Western  scientific  circles  which  are  sufficient  to  engage  our  attention. 
Prominent  among  these  are  the  role  of  frequency  depen^nt  bioeffects, 
the  role  of  modulation  parameters,  and  the  role  oT  combined  stressors  In 
the  form  of  multiple  simultaneous  emitters  as  electronic  warfare  continues 
to  grow  faster  than  any  other  area  of  material  development.  Thus,  the 
role  of  EMR  In  the  modern  battlefield  represents  a  prodigious  problem 
for  which  a  paucity  of  objective,  relevent  scientific  Information  exists 
to  assist  a  rational  management  of  the  Army  Medical  Department's  responsi¬ 
bilities. 

A  major  fraction  of  the  task  resides  within  the  Medical  R&D  Command 
since  even  If  detailed  descriptions  of  all  emitters  under  all  circum¬ 
stances  of  use  did  exist,  we  would  still  be  unable  to  defend  by  objective 
means  a  medical  evaluation  of  the  risk  and  hazards  presented  by  all  or 
even  a  large  portion  of  the  conditions  likely  to  be  present  on  the 
modern  battlefield.  This  already  difficult  situation  Is  further  com¬ 
plicated  by  the  fact  that  adversary  forces  employ  emitters  which  are 
obviously  not  under  our  control,  and  that  the  CE/EW  environment  must  bo 
considered  as  an  element  in  the  event  that  adversary  forces  deploy  CUW 
or  directed  energy  weapons. 

Finally,  there  Is  the  potential  that  diagnostic,  therapeutic  and 
scientific  applications  exist  for  the  use  of  RF  and  microwave  energy. 

This  possibility  does  not  contradict  the  role  of  hazards  research.  Past 
experience  offers  many  examples  where  beneficial  properties  of  agents 
were  exploited  only  after  they  were  first  identified  by  their  hazards. 

This  includes  a  number  of  "poisons"  also  used  in  chemotherapies;  and,  of 
course,  x-ray  which  has  pr-oven  carcinogenic  properties.  Indeed,  the 
history  of  medicine  often  suggests  that  one  could  infer  useful  actions 
only  after  biologic  activity  was  confirmed  by  ioxicity. 

The  subject  which  this  department  is  charged  to  address  is,  there¬ 
fore,  one  of  bewildering  complexity.  We  must  consider  a  vast  range  of 
frequencies,  power  levels,  nxtdulation  parameters  and  multiple  sites  of 
action  involving  all  organ  systems.  Ihe  pressing  question  Is  how  to 
begin. 

We  do  have  considerable  experience  to  guide  a  ix?search  plan.  Ihe 
Tri-Services  EMR  project  spanned  a  period  of  nearly  3  decades.  Yet  the 
lack  of  reproducible  results  have  limited  any  generality  that  this 
period  of  activity  could  bring  to  bear  on  today's  problems.  Part  of  the 
explanation  for  this  shortage  is  the  lack  of  adequate  instrumentation 
for  quantification  of  absorbed  dose.  As  a  result,  this  department  has 
many  major  program  eleitx'nts  directeii  toward  do*  ‘'x'try.  These  include 
programs  for  developiiXMit  of  implantable,  microwave  transparent  electnides 
for  temperature  and  induced  electric  field  nvasurement .  caloriiix'try,  and 
dosimetric  analysis  by  radiofreguetny  tonxigraphv  as  detailed  In  the 
project  suiiwarles  to  follow.  A  corollary  to  this  aspect  of  the  research 


program  is  its  contrast  to  earlier  thought  where  Internal  field  measure¬ 
ments  were  regarded  as  "senseless". 

"Standing  wave  patterns  in  the  body  make  it  senseless  to  talk  about 
energy  flux  in  the  body  and  to  use  it  as  a  measure  of  dosage.  All 
dose  or  dose  rate  statements  must  refer  to  field  or  flux  values 
in  the  distant  field  defined  sufficiently  far  from  the  body  to  be 
affected  by  its  presence  (3)." 

Another  element  is  our  continued  interest  in  measurement  of  the 
electromagnetic  constitutive  parameters  of  tissues  under  physiological 
conditions.  It  is  abundantly  clear  that  permittivity  measurements  in 
autopsy  material  at  room  temperature  neglect  target  organ  geometry, 
physiological  state,  and  any  functional  responses  to  the  radiation  (of 
special  importance  in  this  regard  is  the  role  of  local  vasodilation  in 
response  to  local  hyperthermia).  Many  elements  of  department  program 
are  directed  to  this  problem.  Prominent  among  these  are  the  in  situ 
permittivity,  cellular  and  molecular  programs  (cf.  program  summaries). 

It  is  important  to  realize  that  this  represents  a  significant  departure 
from  prior  thought  typified  by  the  conclusion  published  in  the  1970 
Symposium  Proceedings  on  the  Biological  Effects  &  Health  Implications  of 
Microwave  Radiation  from  which  I  quote:  "no  further  work  is  needed  in 
regard  to  absorption  coefficients  (4)." 

The  department  program  strongly  supports  the  view  that  it  is  impor¬ 
tant  to  acquire  an  understanding  of  basic  mechanisms  by  which  EMR  inter¬ 
acts  with  biosystems  at  the  cellular  and  molecular  level.  We  believe 
that  this  approach  is  fundamental  if  we  are  ever  to  acquire  predictive 
value.  Given  the  rate  of  development  of  Army  systems  which  use  EMR  and 
the  complexity  of  the  situation  described  in  earlier  paragraphs,  a 
research  approach  directed  solely  by  the  appearance  of  new  systems  in 
the  equipment  inventory  is  doomed  to  failure.  It  is  imperative  to 
acquire  sufficient  understanding  of  the  biesic  mechanisms  that  we  can 
contribute  to  EMR  parameter  selection  at  the  time  of  development  rather 
than  recommend  remedial  measures  after  vast  sums  of  money  are  already 
committed  to  a  deployed  system. 

The  final  point  of  general  scientific  strategy  is  the  importance  of 
frequency  and  modulation  parameters.  The  recent  modification  of  our 
high  power  transmitter  will  give  us  the  first  opportunity  to  study  high 
power  puUed  fields  which  reasonably  simulate  those  produced  by  a  radar 
system.  The  importance  of  frequency  is  illustrated  in  a  number  of 
studies  where  frequency  is  optimized  for  the  system  under  examination. 
This  includes  the  taste  aversion  studies,  the  cell  membrane  studies  and 
the  whole  of  the  permittivity  studies  where  we  are^extending  ou^  range 
of  network  analysis  capabilities  to  extend  from  10'  Hz  to  18x10  Hz. 
Again  it  is  important  to  realize  that  this  is  a  major  departure  from 
prior  thought  whereby  the  exposure  frequency  was  most  often  2450  MHz 
simply  because  tubes  at  this  frequency  are  less  costly  due  to  their 
application  in  industrial  heating. 


II.  Administrative  Activities 


A.  Patents 

This  report  period  represents  a  high  water  mark  of  patent  activity. 

In  the  present  reporting  period,  6  patent  disclosures  were  filed  with 
the  Chief,  Patent  Prosecution  Branch,  DA  Intellectual  Property  Depart¬ 
ment.  Of  these,  5  have  already  been  filed  as  patent  applications,  and  of 
these,  claims  already  have  been  officially  approved  by  the  U.S.  Patent 
Office  for  2  patents  relating  to  electrode  development  and  microwave 
imagery  in  biosystems.  We  expect  that  patents  will  actually  be  issued 
on  these  two  applications  (#842,138  and  #842,137)  sometime  in  CY  79. 
Further,  we  expect  successful  action  on  all  those  patent  items  so  far 
disclosed.  In  light  of  all  the  other  competing  demands  on  our  produc¬ 
tivity,  a  few  words  may  be  in  order  to  explain  why  we  elected  to  further 
dissipate  investigator  effort  on  patent  applications.  We  cannot  deny  or 
dispute  the  fact  that  these  applications  represent  a  significant  segment 
of  the  total  effort  of  the  department  leadership  (ca.  180  hours  thus 
far).  Neither  can  we  dispute  the  cost  to  DA  for  patent  prosecution  (ca. 
$7-9K  per  application),  nor  the  uncertainties  regarding  approval  of 
claims.  However,  these  applications  do  represent  major  developments  in 
an  area  of  emerging  technology  which  will  prove  to  be  financially  valuable 
in  orders  of  magnitude  above  the  cost  of  patent  prosecution.  Consider 
for  example,  the  area  of  biomedical  microwave  imagery.  The  volume  of 
business  in  x-ray  imagery  for  biomedical  application  has  been  estimated 
at  5-10  billions  of  dollars  per  year  in  the  world  market.  Since  patents 
are  a  major  mechanism  for  sole  source  procurement,  if  DA  supports  the 
R&O  to  produce  patentable  inventions  and  fails  to  secure  patent  rights, 
then  contractors  may  effectively  twice  and  thrice  charge  DA  for  tech¬ 
nology  which  by  merit  it  already  owns.  Further  justification  for  this 
effort  is  the  establishment  of  a  historical  record  of  research  products 
which  often  more  fully  represents  the  author's/inventor's  aspirations/ 
accomplishments  than  is  the  case  with  referenced  journals. 

B .  Construction 

This  has  been  a  year  of  major  administrative  accomplishments. 

Primal  among  these  are  activities  which  relate  to  two  major  construction 
programs.  One  was  remodeling  of  the  exposure  facilities  and  animal 
quartering  at  Bldg  502/503  in  the  Forest  Glen  Annex.  This  year  has  seen 
the  continuation  of  a  14  month,  $1M  building  project  to  install  environ¬ 
mental  chambers  to  expand  and  improve  animal  quartering  facilities,  to 
install  environmental  control  for  the  3  anechoic  exposure  chambers  of 
recent  vintage,  to  construct  an  exposure  facility  for  the  high  gain 
elliptical  antenna  and  to  demolish  our  earliest  "anechoic"  chamber  (the 
first  installed  in  the  USA  for  biological  analysis  of  microwave  exposure). 

Concurrently,  plans  have  been  developed  and  implemented  to  add  a 
vertical  feed  to  Chamber  C  with  highly  accurate  circular  polarization. 

This  modification  will  allow  animal  exposure  without  the  confinement/ 
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restraint  presently  necessary  to  assure  a  stable  dose.  Similarly,  the 
Cober  transmitter  is  being  modified  to  operate  as  an  L  band  radar 
simulator.  Since  the  vast  majority  of  high  power  Army  emitters  operate 
in  the  pulse  mode  within  the  L  band,  we  have  planned  for  a  1.2  to  1.5 
Megawatt  pulsed  klystron  to  operate  at  1.3  GHz  with  pulse  widths  from  1 
to  20  wsec  (in  two  steps)  at  duty  cycles  up  to  0.01  for  average  powers 
in  the  range  of  10  to  15  KW. 

The  importance  of  these  facilities  improvements  can  hardly  be 
overstated.  In  the  case  of  the  pulsed  transmitter,  this  is  the  first 
time  in  the  over  12  year  history  of  this  department  that  any  free  field 
exposure  facility  has  been  available  that  approximates  modern  radar 
emitter  conditions  which  may  be  uniquely  hazardous  to  biosystems. 

Likewise,  the  previously  poor  environmental  control  greatly  frustrated 
and  in  some  cases  prevented  biological  studies  in  free  field  circum¬ 
stances. 

Secondly,  we  are  preparing  for  another  ca.  1  year,  ca.  $700K  remodel¬ 
ing  in  the  reactor  room  of  Bldg  40  to  divide  the  present  space  into  2 
floors.  This  will  replace  our  present  small  and  temporary  lab/office 
space  with  larger,  permanent  and  more  usable  facilities  for  those  aspects 
of  the  program  which  do  not  require  free  field  exposures.  These  program 
elements  include  DART,  MIC  electrode  development,  as  well  as  cellular 
and  molecular  studies  which  take  place  in  vitro. 

These  facilities  enlargements  will  permit  full  development  of  the 
extramural  program  by  dedicating  the  502/503  locale  to  free  field 
exposures  and  relieve  the  competitive  inhibition  between  intramural  and 
extramural  programs  by  transferring  a  major  fraction  of  the  former  to 
Bldg  40  where  support  services  and  collaborators  are  more  readily  avail¬ 
able.  We  are  also  in  the  process  of  developing  a  system  for  assessing 
charges  to  extramural  users  for  facilities  utilization,  professional 
services  rendered,  as  well  as  marginal  expenses. 

In  addition  to  the  disorder  in  facilties,  this  was  a  year  of 
personnel  disruption.  The  two  phenomena  are  related  to  the  extent  that 
one  staff  position  has  been  devoted  effectively  full  time  for  the  last 
14  months  to  the  reconstruction  of  Bldg  502/503.  In  addition,  the 
remaining  department  leadership  has  devoted  significant  blocks  of  time 
and  effort  to  the  Bldg  502/503  project  as  well  as  the  Bldg  40  project. 

This  condition  was  aggrevated  by  the  fact  that  still  another  investigator 
was  absent  on  months  of  TDY  for  training  and  research  which  were  basical¬ 
ly  unrelated  to  the  microwave  mission.  Lastly,  we  have  yet  to  bring  the 
department  up  to  authorized  strength  due  to  recruitment  delays  for  one 
professional  civilian  slot  and  one  military  technician  slot. 

C.  Tri-Services  Electromagnetic  Research  Program  (TERP) 

Army  contributed  to  a  revised  version  of  TERP  programmatic  document. 
Army  refused  to  sign  the  prior  agreement  on  the  basis  of  certain  fundamental 


disagreements.  The  prior  document  was  roundly  criticized.  It  no  longer 
served  as  a  framework  for  additional  agreements  and  a  completely  new 
document  was  drafted  in  a  series  of  meetings  at  NAMRI  and  WRAIR  cul¬ 
minating  in  final  meeting  at  USAFSAM  prior  to  a  Joint  Medical  Research 
Council  briefing  in  October  1978. 

Among  the  plans  made  at  TERP  meetings  were  those  for  a  series  of 
TERP  sponsored  meetings  on  topics  considered  of  pressing  importance. 

The  first  of  these  is  to  be  a  symposium  on  the  blood  brain  barrier  as  a 
microwave  target  organ.  This  is  to  occur  in  the  fall  of  1978  and  to  be 
sponsored  by  the  Navy.  The  second  symposium  is  to  take  place  in  the 
middle  trimester  of  1979  on  the  subject  of  mechanism  of  microwave  inter¬ 
action  with  biosystems.  This  symposium  will  be  under  Air  Force  sponsor¬ 
ship.  The  following  year  (1980),  Army  is  to  host  a  symposium  on  micro- 
wave  imagery  as  applied  to  complex  dielectrics,  especially  biosystems. 

D.  Office  of  Telecommunication  Policy  (OTP) 

The  Executive  Office  of  the  President  contained  an  EMR  infonnation 
clearing  house  and  policy  coordination  organization  known  as  the  Office 
of  Telecommunications  Policy.  Under  the  ageis  of  the  Office  of  Science 
and  Technology  Policy  (also  of  EOP),  OTP  was  reorganized  within  the 
Department  of  Commerce  as  the  National  Telecommunications  Information 
Agency  (NTIA).  NTIA  continues  its  role  of  interagency  coordination.  In 
this  vein.  Army  completed  its  reporting  requirements  to  NTIA  in  this 
period. 

E.  EPA  Intercession 

In  the  spring  of  1978,  EPA  sent  letters  to  all  major  agencies  of 
the  federal  government  concerning,  among  other  things,  the  impact  of 
standards  setting  activities  on  Army  materiel  development.  Army  occupa¬ 
tional  standards,  and  Army  operations.  This  request  for  information  was 
routed  through  the  TERP  mechanism  for  action.  The  Surgeon  General  of 
the  Army  determined  that  it  was  not  within  the  purvue  of  USAMRDC  to 
answer  these  questions.  These  questions  were  routed  through  Deputy 
Chief  of  Staff  for  Research,  Development  and  Acquisition  (DCSRDA), 

Deputy  Chief  of  Staff  for  Operations  (DCSOPS),  and  Health  Services 
Command  (HSC)  for  opinions  concerning  impact  on  materiel  development, 
operations,  and  occupational  settings,  respectively.  USAMRDC  retained 
specific  responsibility  for  biomedical  research  relating  to  standard 
establishment  (cf.  a  more  complete  MFR  on  the  subject  for  details).  The 
EPA  plans  to  reach  some  decision  concerning  the  need  for  a  statutory 
microwave  exposure  standard  and  to  recommend  some  power  density  value 
(likely  to  be  1  mW/cm*^,  an  order  of  magnitude  lower  than  the  present 
advisory  ANSI  C.95  standard). 

Army  participated  in  a  general  planning  session  called  by  EPA  and 
it  prepared  written  responses  to  the  EPA  questionnaire  insofar  as  USAMRDC 
could  so  do  with  SGO  guidance.  Other  aspects  were  referred  to  subordinate 
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conmands  of  DARCOM,  FORCECOM,  and  TRADOC. 


It  is  apparent  that  OSHA  also  plans  to  act  in  this  area.  In  fact, 
jurisdictional  disputes  are  likely  to  be  legion  since  Commerce  is  also 
developing  a  posture  for  standards  setting  in  this  area.  Thus,  not  only 
EPA  and  BRH  are  active  in  this  area,  but  also  OSHA,  NIOSH,  NBS  and  NTIA. 

F.  Congressional  Appearances 

The  United  States  Senate  continued  its  high  level  of  interest  in 
the  Radiation  Oversight  Hearings  which  began  in  the  summer  of  1977. 

This  interest  took  the  form  of  3  written  inquiries  following  the  suitmer 
hearings.  In  addition,  during  this  report  period,  a  special  hearing  was 
requested  by  Senator  Cannon  and  other  members  of  the  Senate  Armed  Services 
Committee  as  well  as  the  Senate  Science  Subcommittee  which  was  to  be 
conducted  with  Top  Secret  classification.  The  objective  was  to  explore 
questions  remaining  in  the  minds  of  staff  and  Senators  concerning 
classified  aspects  of  State  Department  and  Army  activities  in  EMR. 

In  the  case  of  the  State  Department,  these  questions  centered  on 
events  surrounding  the  alleged  bombardment  of  the  American  Embassy  in 
Moscow. 

In  the  case  of  the  Army,  the  questions  pertained  to  classified 
research  surrounding  project  PANDORA,  the  destruction  of  some  laboratory 
notebooks,  the  transfer  of  classified  research  reports,  and  certain 
differences  of  opinion  concerning  interpretation  of  experimental  find¬ 
ings  (cf.  a  classified  MFR  for  further  details).  We  were  able  to  provide 
the  Committee  with  a  complete  inventory  of  the  documents  that  were 
destroyed  in  1973/74,  copies  of  the  secret  research  reports,  copies  of 
proceedings  of  several  PANDORA  meetings  concerning  interpretation  of 
experimental  results.  A  lively  discussion  ensued  which  culminated  in 
the  promise  for  further  written  questions  and  a  general  reproachment 
toward  objectivity  concerning  the  referenced  documents. 

III.  Research  Activities:  Intramural  Program 

A .  Cellular  and  Molecular  App 1 i c atj ons  of  Permi tti vity  Analysis 
{L.E.  Larsen,  J.H.  Jacobi) 

The  HF  band  permittivity  analysis  system  with  its  application  to 
cellular  physiology  and  induced  pathophysiology  as  described  in  the  1977 
Annual  Report  has  resulted  in  a  publication  which  was  included  in  a 
special  issue  of  IEEE  Microwave  Theory  and  Techniques  on  medical  appli¬ 
cations  of  electromagnetic  radiation.  This  work  is  summarized  as  an 
abstract  below: 

"A  technique  for  the  electromagnetic  analysis  of  physiological  and 
pathophysiological  states  in  cell  suspensions  is  presented.  The  technique 
is  based  upon  high  speed  automatic  network  analysis  in  the  HF  band  for 
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measurement  of  complex  permittivity.  The  results  demonstrate  that 
changes  In  HF  band  permittivity  dispersion  may  be  related  to  physiological 
and  drug  Induced  pathophysiological  states  of  the  cell  membrane.  Mechan¬ 
ical  disruption  of  the  cell  membrane  by  sonicatlon  obliterates  the  HF 
band  dispersion  of  permittivity  that  Is  present  In  undisrupted  cells. 

The  effect  of  species,  suspending  medium  and  temperature  were  system¬ 
atically  analyzed  In  erythrocyte  suspensions  In  order  to  aid  comparison 
between  published  studies  of  red  cell  preparations." 

This  system  was  also  applied  to  a  study  of  bases,  base  pairing, 
nucleotides,  and  nucleic  acids  as  described  In  the  1977  Annual  Report. 

This  work  was  presented  to  the  1978  annual  meeting  of  the  Biophysical 
Society.  A  publication  Is  in  preparation,  but  delays  have  been  experi¬ 
enced  because  one  member  of  the  research  team  has  accepted  another 
position  outside  of  WRAIR. 

B.  ^asurement  of  Complex  Permittivity  of  Biological  Materials 
(J.H.  Jacobi) 

A  paper  describing  the  HF  permittivity  analysis  system  has  been 
accepted  for  publication  by  IEEE  Transactions  on  Instrumentation  and 
Measurement.  This  work  Is  summarized  as  an  abstract  below: 

"A  method  of  measuring  the  real  and  imaginary  parts  of  the  complex 
permittivity  of  materials  (particularly  liquids)  is  presented.  The 
method  Includes  a  new  calibration  procedure  that  uses  a  material  with 
known  permittivity  to  calibrate  the  system.  Data  Is  presented  from  110 
MHz  to  500  MHz  for  water,  ethyl  alcohol,  and  ethylene  glycol.  Considera¬ 
tions  of  the  size  of  the  capacitor  with  relation  to  a  wavelength  are 
discussed." 

This  year  the  technique  of  automatic  network  analysis  (ANA)  was 
applied  to  frequency  bands  both  above  and  below  the  MF  band.  The  bands 
below  1  MHz  extending  down  to  audio  frequencies  were  the  subject  of  a 
feasibility  study  for  ANA  application  to  4  terminal  measurements.  Four 
terminal  measurements  are  necessary  at  frequencies  below  ca.  1  MHz  due 
to  serious  artifact  from  interfacial  polarization  when  electrolytes  are 
present  In  the  sample.  A  study  of  existing  methods  disclosed  serious 
technical  shortages  which  when  taken  in  perspective  of  available  intra¬ 
mural  resources  lead  to  a  decision  to  transfer  this  portion  of  the 
project  to  the  FY  79/80  extramural  program,  leaving  only  the  ANA  appli¬ 
cation  to  the  intramural  program. 

The  extension  to  frequencies  above  the  HF  band  are  centering  on  the 
range  between  2  and  4  GHz.  Several  prototype  sample  chambers  were  built 
and  evaluated.  These  began  with  an  extension  of  the  lumped  element 
technique  (used  successfully  in  the  HF  band)  which  proved  to  be  com¬ 
pletely  unsatisfactory  In  the  S  band  (indications  In  the  literature 
notwithstanding).  This  was  followed  by  a  series  of  chambers  based  on 
"Infinite"  loss  transmission  lines.  This  technique  proved  to  be  better 


than  the  former  method,  but  it  was  still  i^nusable  in  its  early  forms  due 
to  higher  order  modes  produced  by  the  high  k  loading  presented  by  high 
water  content  biological  specimens.  Later  versions  appear  to  be  distinct 
improvements  over  prior  types,  but  full  evaluation  is  not  yet  completed 
due  to  a  shortage  of  coaxial  line  construction  materials  which  do  not 
present  significant  permeability.  We  expect  to  solve  the  materials 
problem  and  complete  evaluation  of  the  technique  early  in  CY  79. 

Details  of  the  procedures  and  applications  are  proprietary  and  the 
subject  of  DA  patent  proceedings. 


Dosimetric  Analysis  by  Radio frequency  Tomoqr 
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1 .  Scattering  Parameter  Imagery  of  Biological  Dielectrics 
(L.E,  Larsen,  J.H.  Jacobi) 

This  project  has  as  its  ultimate  objective  the  noninvasive,  three 
dimensional  mapping  of  microwave  energy  absorption  as  a  function  of 
spatial  variations  in  the  complex  permittivity  of  biosystems.  These 
spatial  variations  are  detected  by  their  effect  on  the  magnitude  and 
phase  of  the  scattering  parameters  and  $22  (complex  reflection  and 
complex  transmission  coefficients)  as'^functions  of  space  for  various 
targets.  The  present  report  period  has  seen  major  accomplishments  in 
this  project.  These  consisted  of  the  construction,  installation  and 
digital  control  of  an  extremely  precise  electromechanical  scanner  for 
closed  loop  positioning  of  water  coupled  S  band  antennas.  In  addition, 
several  prototype  antennas  were  designed  and  constructed  to  further 
explore  means  for  resolution  improvement  and  to  study  techniques  for 
element  stacking  preliminary  to  development  of  a  water  coupled  phased 
array.  This  included  the  development  of  miniaturized,  water  coupled 
elements  with  rectangular  and  circular  apertures  as  well  as  the  double 
ridged  version. 

Furthermore,  scattering  parameter  imagery  was  collected  for  both 
canine  and  porcine  renal  specimens  which  were  scanned  as  isolated  organs. 
Although  our  analysis  is  incomplete  due  to  our  limited  available  digital 
image  display  and  digital  image  analysis  capabilities,  a  half  tone 
display  developed  by  Jacobi  and  low  line  density  isometric  displays  do 
confirm  that  interspecies  differences  in  renal  geometry  are  preserved; 
and,  more  importantly,  it  appears  that  the  method  can  distinguish  the 
renal  cortex  and  renal  pelvis  as  well  as  part  of  the  collecting  system. 
The  disclosure  of  the  details  of  procedure  and  application  must  await 
completion  of  pending  DA  patent  action. 

Lastly,  program  plans  were  formulated  and  a  contractor  was  selected 
via  the  RFQ  mechanism  for  development  of  a  water  coupled  phased  array  to 
begin  late  in  this  report  period.  The  chief  advantage  of  this  system  is 
that  it  will  reduce  data  collection  time  for  a  64  by  64  image  from  ca. 

300  min.  to  ca.  2  min.  Further  increase  in  scan  speeds  will  be  possible 
with  improved  switching  methods  which  may  be  retrofited  to  the  "existing" 
system  to  permit  scan  times  of  ca.  0. 1-0.2  minute  In  this  way. 


multi  frequency  analysis  becomes  possible  prior  to  specimen  degradation. 

A  paper  which  described  the  early  work  with  dielectrically  loaded 
antennas  has  been  accepted  for  publication  in  Medical  Physics.  This 
paper  is  summarized  as  an  abstract  below: 

"A  system  for  the  generation  of  microwave  images  from  homogeneous 
and  heterogeneous  dielectric  targets  is  presented.  The  argument  is 
posited  that  microwave  interrogation  may  address  uniquely  relevant 
features  of  biological  targets.  Dielectrically  loaded  antennas,  electro¬ 
mechanical  scanning  and  the  methods  of  microwave  network  analysis  were 
employed." 

Also,  a  paper  describing  the  water  coupled  antenna  (double  ridged, 
rectangular  aperture)  has  been  accepted  by  IEEE  Transactions  on  Micro- 
wave  Theory  and  Techniques.  This  paper  is  summarized  as  an  abstract 
below: 

"This  paper  describes  a  method  of  significantly  improving  the 
resolution  of  systems  used  for  interrogating  the  spatial  variation  of 
permittivity  of  biosystems  at  S-Band.  The  basic  principle  employed  is 
to  contract  the  wavelength  of  the  interrogating  radiation  and  reduce  the 
physical  aperture  of  the  interrogating  probes  by  immersing  the  trans¬ 
mitting  antenna,  receiving  antenna,  and  the  target  into  a  material  with 
a  high  dielectric  constant;  namely,  water.  The  antenna  design  is 
described  and  line  scans  employing  transmitted  and  reflected  energy  are 
presented." 


2.  Microwave  Time  Delay  Spectrometer  Image  of  Biological 
Dielectrics  (J.H.  Jacobi,  L.E.  Larsen) 

The  time  delay  spectrometer  was  also  subject  to  considerable  develop 
mental  effort  to  improve  spatial  resolution  in  studies  with  phantom 
tissue  dielectric  targets.  As  a  review  of  first  principles,  this  is  a 
method  of  characterizing  biosystem  targets  by  measurement  of  propagation 
delay  as  function  of  space.  The  time  delay  is  estimated  by  measurement 
of  instantaneous  frequency  differences  between  two  chirped  signals,  one 
of  which  propagates  through  the  target  and  the  other  through  a  reference 
path.  The  details  of  procedure  and  application  may  not  be  disclosed 
pending  DA  patent  completion,  but  suffice  it  to  say  that  Microwave  Time 
Delay  Spectrographic  (MTDS)  imagery  was  collected  on  targets  which  were 
totally  uniform  (i.e.  isodense)  to  x-ray.  The  spatial  resolution  with 
the  water  coupled  S  band  antenna  appears  to  be  consistent  with  that 
previously  determined  for  scattering  parameters  imagery;  that  is  ca. 

5  mm.  Time  resolution  remains  at  ca.  40  picoseconds  of  differential 
delay. 

Futhermore,  MTDS  imagery  has  been  collected  for  isolated  organs. 

This  data  with  fresh  renal  specimens  of  both  canine  and  porcine  origin 
disclosed  the  ability  to  image  the  difference  between  renal  cortex  and 


renal  pelvis.  In  addition,  there  are  indications  that  portions  of 
calyces  and  collecting  system  may  be  visualized. 

A  paper  which  described  the  early  work  with  dielectrically  loaded 
has  have  been  accepted  for  publication  in  Medical  Physics.  This  paper 
is  summarized  as  an  abstract  below: 

"A  method  is  described  which  overcomes  the  problems  of  multipath 
propagation  and  range  ambiguity  that  is  suffered  by  the  single  frequency 
continuous  wave  microwave  imaging  system  described  in  part  I.  This 
technique  is  essentially  a  variation  of  chirp  radar  techniques  which 
have  been  adapted  to  time  delay  and  attenuation  measurements  through  a 
target.  The  feasibility  of  discriminating  between  paths  whose  differ¬ 
ential  time  delay  is  on  the  order  of  100  picoseconds  is  demonstrated. 
Further,  the  need  for  small  physical  aperture  in  the  transmitting  and 
receiving  antennas  is  demonstrated." 

Also,  a  paper  describing  the  water  coupled  antenna  (double  ridged, 
rectangular  aperture)  has  been  accepted  by  IEEE  Transactions  on  Micro- 
wave  Theory  and  Techniques.  This  paper  is  summarized  as  an  abstract 
below: 

"This  paper  describes  a  method  of  significantly  improving  the 
resolution  of  systems  used  for  interrogating  the  spatial  variation  of 
permittivity  of  biosystems  at  S-Band.  The  basic  principle  employed  is 
to  contract  the  wavelength  of  the  interrogating  radiation  and  reduce  the 
physical  aperture  of  the  interrogating  probes  by  immersing  the  trans¬ 
mitting  antenna,  receiving  antenna,  and  the  target  into  a  material  with 
a  high  dielectric  constant,  namely  water.  The  antenna  design  is  des¬ 
cribed  and  line  scans  employing  transmitted  and  reflected  energy  are 
presented." 

3.  Image  Display  (J.H.  Jacobi,  M.E.T.  Swinnen) 

A  further  area  of  effort  in  the  DART  program  has  been  the  developm¬ 
ent  of  image  display  hardware  and  software  for  the  microwave  imagery. 
These  consist  of  four  systems,  only  one  of  which  is  complete  at  the 
present  time.  The  only  fully  functional  system  is  one  based  on  a  bi¬ 
stable  or  half-tone  display  using  the  Hewlett  Packard  5451A.  Coarse 
isometric  plots  are  also  available  with  this  system.  The  system  next  to 
reach  completion  is  a  high  line  density  isometric  display  which  offers 
high  speed  data  transmission  from  the  processor/controller  to  achieve 
real  time  display,  real  time  rotation  of  perspective,  depth  cue’ng  and 
hardware  magnification/mini fication  This  system  has  been  built  with  a 
parts  cost  of  ca  S7K,  and  it  offers  nxist  of  the  salient  features  of 
similar  commercial  systems  costing  ca.  S40-60K.  Ihe  next  two  display 
systems  were  the  subject  of  an  RFQ  for  development  of  a  digital  grey¬ 
scale  display  and  a  grey-scale  hardcopy  with  a  number  of  innovative 
features . 
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peripheral  nerve.  Radiation  with  peak  powers  of  14  to  70  mW/cm  in 
pulses  1  ms.  and  PRR  of  5/sec  over  a  duration  of  10  to  60  sec  was  found 
to  alter  the  compound  action  potential.  Similar  results  were  obtained 
with  10  cm  waves  of  higher  power  density  (370  mW/cm^  peak)  in  the  form 
of  1  MS  pulses  (PRR  700/s)  where  heating  was  limited  to  0.2  °C.  These 
and  other  findings  suggest  a  fundamental  interaction  between  excitable 
membranes  and  microwave  radiation  which  may  not  be  produced  by  "equiva¬ 
lent"  thermal ization. 

Any  microwave  effects  which  are  related  to  excitable  membranes  are 
especially  relevant  points  of  departure  for  a  rational  discussion  of 
safety  standards.  Other  investigators  have  used  conventional  metallic 
electroaes  either  in  or  outside  the  microwave  field  to  record  the  action 
potential  during  or  after  microwave  exposure.  However,  electrodes  in 
the  field  distort  and  concentrate  it,  whereas  electrodes  outside  of  the 
field  do  not  measure  the  properties  of  that  part  of  the  nerve  exposed  to 
microwave  energy.  An  optical  method  is  available  to  study  excitable 
membranes.  Specifically,  the  giant  axon  is  known  to  display  changes  in 
the  optical  properties  of  the  axoplasmic  membrane  which  are  directly 
related  to  the  propagation  of  an  action  potential.  In  this  way,  membrane 
events  are  directly  studied  without  the  need  for  instrumentation  within 
the  biological  preparation.  It  is  these  measures  of  membrane  function 
which  will  be  examined  for  evidence  of  microwave  effects  on  axoplasmic 
membrane  conducting  an  action  potential.  The  question  of  induced  field 
strength  may  be  approached  by  IR  pyrometry  since  the  effective  spot  size 
can  be  as  small  as  175  mih  on  an  axon  500  ^m  in  diameter.  Exposures  take 
place  in  a  transmission  line  where  indirect  measures  of  absorbed  energy 
are  possible.  Although  difficult  to  implement,  the  method  allows  one  to 
study  the  part  of  the  nerve  exposed  to  microwave  energy  without  dis¬ 
torting  the  field. 

After  last  year,  it  was  found  that  the  giant  axon  from  the  Hyxicola 
Infundibulum  could  not  be  used  because  the  axon  could  not  be  completely 
cleaned  of  adhering  muscle  tissue  without  the  use  of  enzymes  which  also 
affected  electrical  properties  (10).  Attempts  were  made  to  obtain  giant 
axons  from  Lol 1 iguncula  Brevis  squid,  found  year  round  in  Florida. 
Unfortunately,  these  and  other  squid  species  survived  only  a  few  hours 
in  the  aquarium.  Since  the  squid  season  was  ending,  it  was  decided  to 
use  a  peripheral  nerve  from  the  crab.  The  crab  nerve  also  would  give  a 
greater  optical  signal  (lOOX)  than  the  isolated  axoh.  However,  the 
nerve  studies  would  not  indicate  the  mechanism  of  interaction.  That 
requires  an  isolated  giant  axon. 

The  instrument  originally  conceived  to  measure  the  optical  change 
was  found  to  be  100  times  less  sensitive  than  required.  There  was  no 
way  to  increase  its  sensitivity  enough,  so  another  method  for  measuring 
the  optical  change  was  developed.  Attempts  to  duplicate  other  workers' 
instruments  were  without  success  in  spite  of  numerous  consultations. 


Other  consultations  were  arranged,  among  them  Lawrence  Cohen.  He 
was  most  helpful,  lending  us  the  necessary  photodiode  that  was  used  with 
an  internally  developed  ultra-low  noise,  high  gain  amplifier.  Difficulties 
continued  until  TDY  to  Dr.  Cohen's  lab  allowed  us  to  find  the  problem  in 
our  technique. 

We  then  successfully  measured  an  optical  change  in  the  crab  nerve 
that  was  time  coincident  with  and  the  same  shape  as  the  action  potential 
in  the  nerve.  The  S/N  ratio  was  not  good  enough  to  identify  changes  due 
to  microwave  energy,  so  the  equipment  was  further  refined. 

To  detect  the  optical  change  in  the  nerve,  one  had  to  observe  chat 
part  of  the  nerve  adjacent  to  a  stimulating  electrode.  Because  the 
velocity  of  impulse  propagation  varied  with  the  diameters  of  the  axons 
that  made  up  the  nerve,  the  total  nerve  or  compound  action  potential 
tended  to  "smear"  as  it  propagated  down  the  nerve.  At  a  distance  of 
more  than  5  mm  from  the  stimulating  electrode,  the  optical  change  was 
reduced  to  the  level  of  the  background  noise. 

Solution  of  this  problem  required  stimulation  of  the  nerve  in  the 
microwave  field  with  an  optical  path  close  to  the  stimulating  electrode. 

A  stimulating  electrode  was  developed  that  was  transparent  to  microwave 
energy.  It  employed  RF  compatible  transmission  lines  from  the  MIC 
electrode  program  consisting  of  high  resistance  carbon  loaded  Teflon. 
Unfortunately,  the  use  of  this  stimulating  electrode  reduced  system 
sensitivity  by  limiting  the  available  stimulus  current  to  the  nerve. 
Several  further  refinements  to  the  lenses,  light  amplifier,  and  light 
source  were  made.  Also,  a  new  amplifier  to  record  the  nerve  action 
potential  through  the  high  resistance  lines  was  designed  and  built. 

At  this  point,  further  improvement  would  have  required  purchasing  a 
new  microscope,  lenses,  and  light  source.  Even  though  the  S/N  ratio  was 
not  too  good,  data  was  taken  on  three  crab  nerves  exposed  at  2450  MHz. 

The  nerves  were  from  different  animals  and  each  was  exposed  to  a  different 
power  level,  CW  or  pulsed  energy.  There  was  no  microwave  interference 
with  equipment  operation. 

Future  work  will  involve  taking  data  at  several  different  power 
levels  and  for  greater  number  of  nerves.  The  apparatus  will  be  moved  to 
a  location  more  free  of  vibration  and  noise,  which  should  improve  the 
S/N  ratio.  Exposure  to  CW  and  pulsed  microwave  energy  is  planned.  If  a 
microwave  induced  change  is  found,  the  axon  will  be  studied  to  determine 
the  responsible  mechanism. 

F.  Heat  Loading  and  Conditioned  Taste  Aversion  Learning  in  Rats 
(.G.R.  Sessionsl” 

This  series  of  studies  was  designed  to  investigate  the  relationship 
between  heat  loading  and  conditioned  taste  aversion  learning  in  rats,  in 
an  attempt  to  determine  the  degree  to  which  microwave  radiation  is 
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uniquely  responsible  tor  the  behavioral  effects  observed  in  an  earlier 
microwave  study. 

Previously,  this  sensitive  aversive  conditioning  paradigm  was  used 
to  verify  that  the  effects  of  microwave  Irradiation  were  sufficiently 
aversive  to  support  this  particular  type  of  avoidance  learning.  The 
study  also  investigated  the  relationship  between  core  temperature 
elevation,  taste  aversion  learning,  and  incident  microwave  power  density. 

All  irradiated  groups  showed  a  reliable  decrease  in  preference  for 
the  nonnally  d(?sirable  saccharin  solution  following  ^ve  pairings  with 
microwave  exposure.  However,  in  the  17  and  33  mW/cm^  groups  this  effect 
was  small,  and  there  was  no  reliable  correlation  between  power  level  and 
saccharin  preference.  The  dose-response  relationship  was  clearer  at  the 
highest  power  levels  of  42  and  51  mW/cm^,  and  the  decreases  in  saccharin 
consumption  were  greater. 

2 

At  17  mW/cm  there  was  no  reliable  increase  in  colonic  temperature 
following  30  minutes  of  radiation,  but  at  power  levels  of  25  mW/cm^  and 
higher,  colonic  temperatures  increased  nwnotonically  between  1.5  and  3.0 
degrees  Celsius. 

The  present  series  of  studies  was  designed  to  further  investigate 
the  relationship  between  core  temperature  elevation  and  taste  aversion 
learning.  It  was  reasoned  that  if  avoidance  conditioning  could  be 
achieved  by  elevating  core  temperature  by  environmental  heating  without 
microwave  radiation,  then  a  straight  forward  thermal  interpretation  of 
the  earlier  microwave- induced  taste  aversions  would  be  warranted.  On 
the  other  hand,  if  similar  levels  of  avoidance  conditioning  cannot  be 
achieved  without  microwaves,  then  some  unique  component  of  the  microwave 
radiation  would  be  implicated. 

The  results  of  this  experiment  showed  that  even  though  the  tempera¬ 
tures  of  the  high  heat  group  reached  40-41"  Celsius  after  the  30  minute 
heating,  no  evidence  of  taste  aversion  learning  was  observed  in  any  of 
the  postheating  preference  tests.  The  temperature  elevations  of  the  high 
heat  group  were  almost  identical  to  those  obtained  in  the  42  mW/cni 
groups  in  the  microwave  experiments.  This  gmup  had  shown  significant 
taste  aversion  learning  after  microwave  exposures. 

A  possible  interpretation  of  the  differences  in  results  between  the 
microwave  and  this  heating  experiment  centers  on  the  abrupt  introduction 
of  the  animals  into  the  heated  chambers.  The  abrupt  sensation  of  ambient 
heat  elevation  was  an  extei'nal  stimulus  which  could  have  acted  as  an 
extraneous  stimulus  interferring  with  the  association  of  subsequent  heat 
stress  with  the  previous  saccharin  consumption. 

The  same  subjects  from  the  first  experiment  were  divided  into  three 
groups  in  a  manner  that  counter-balanced  the  groups  according  to  prior 
treatment.  After  several  days  of  rchabi 1 i tat  ion  to  the  limited  access 
drinking  schedule,  all  animals  were  allowed  15  minutes  access  to  a  2‘T 
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almond  extract  solution.  They  were  then  transported  to  environmental 
chambers  as  before.  Two  of  these  groups  were  then  Injected  intraperi- 
toneally  with  30  mg/kg  of  cyclophosphamide,  a  drug  known  to  be  effective 
in  Inducing  taste  aversions  in  rats.  One  group,  the  heat-drug  group, 
was  exposed  to  high  ambient  heat  (45®  Celsius)  for  4  minutes  prior  to 
these  injections.  The  no  heat-drug  group  received  drug  injections  but 
no  heat  exposure.  The  third  group  served  as  saline- injected  controls, 
half  of  which  received  the  brief  heat  exposure.  Three  days  after  the 
conditioning  trial  all  animals  were  tested  for  almond  solution  preference 

The  preference  tests  showed  that  both  drug- injected  groups  developed 
taste  aversions  to  the  almond  solution.  However,  there  was  a  slight 
decrement  in  the  strength  of  the  aversions  in  the  heat  exposed  group, 
indicating  that  thet'e  was  a  slight  interference  with  conditioning  as  a 
result  of  the  brief  heat  exposure. 

Another  third  experiment  was  conducted  to  determine  if  rats  would 
develop  taste  aversions  after  heat  exposure  if  the  ambient  temperature 
was  gradually  Increased  instead  of  abruptly  raised.  In  addition,  the 
heat  interference  issue  was  again  addressed. 

The  results  of  the  postheating  preference  testing  showed  that  the 
group  which  was  gradually  heated  without  prior  exposure  showed  slightly 
lower  preferences  for  saccharin  solution  than  both  the  abruptly  exposed 
group  and  te  controls.  However,  even  though  core  temperature  elevations 
were  greater  than  those  obtained  with  42  mW/cm^  microwaves,  comparable 
taste  aversion  learning  was  not  achieved. 

Thus,  in  these  experiments  the  external  sensation  of  heat  appears 
to  interfer  with  the  association  of  saccharin  drinking  and  the  aversive 
consequences  of  internal  heat  loading,  tnergy  absorption  in  rats  from  a 
microwave  field  at  986  MHz  is  maximized  considerably  deeper  than  the 
skin,  thus  perhaps  avoiding  the  external  sensation  of  heat,  and  maximiz¬ 
ing  the  aversive  internal  consequences  of  heat  loading. 

It  can,  therefore,  be  concluded  from  these  experiments  that  the 
avoidance  learning  produced  by  microwave  radiation  in  the  earlier  taste 
aversion  experiments  probably  resvilted  from  the  unique  properties  of  the 
microwaves,  or  at  least  from  the  unique  way  microwaves  prtiduce  heat 
loading  at  high  dose  levels.  It  remains  unclear  whether  or  nor  non- 
thermal  dose  levels  can  produce  conditioned  taste  aversions. 

G.  Microwave  Transparent  MIC  tlectrodes  for  Temperature  and  Induced 
Electric  Field  Measurements  (L.E.  Larsen,  R.A.  Moore,  vl.H.dacobi 
F.V.  Brownl 

This  project  has  seen  three  areas  of  developiiHMit  during  the  pt'esent 
report  period  building  tipon  earlier  published  work  (11).  Two  of  these 
apply  to  the  MIC  temperature  electrode.  One  was  to  explore  methods  of 
fabrication  and  feasibility  of  a  totally  flexible,  thick  film  temperature 
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electrode.  The  intended  use  for  such  an  MIC  electrode  was  to  permit 
intraluminal  location  of  the  device.  This  project  resulted  in  the 
construction  of  several  prototype  electrodes,  none  of  which  performed  as 
well  as  the  previous  hybrid  thick/thin  film  electrode  described  in  the 
1977  Annual  Report.  The  second  project  relevant  to  the  MIC  temperature 
electrode  is  to  develop  telemetry  systems  for  use  with  the  MIC  electrodes 
within  a  microwave  field.  This  project  and  its  associated  technologies 
are  described  further  in  the  extramural  segment,  but  it  may  be  stated  at 
this  junction  that  the  programmatic  goal  is  to  allow  recording  of 
temperatures  and  electric  field  induction  without  interposing  a  tether 
to  the  animal  in  the  form  of  RF/MW  compatible  transmission  lines. 

Another  area  of  electrode  development  was  directed  toward  feasi¬ 
bility  study  and  prototype  construction  for  an  electric  field  MIC  electrode 
which  could  be  implanted  in  biological  dielectrics  to  provide  iji  situ 
measurements  of  induced  electric  fields.  This  project  produced  proto¬ 
type  electrodes  with  good  decoupling  as  evidenced  by  good  thermographic 
appeapnce  after  exposure  in  tissue  phantom  dielectrics  with  a  250 
mW/ciir,  S  band  field.  The  electrode  offers  usable  sensitivity  in  that  a 
field  density  of  1  mW/cnr  produced  an  output  of  20  uV.  In  addition,  the 
dimensions  are  compatible  implantation  insofar  as  the  substrate  is 
0.025"  square  upon  which  are  applied  sputtered  bicon  cal  dipoles,  zero 
bias  Schottky  dector  diode  and  thick  film  transmission  line.  Thus  far, 
only  uniaxial  designs  have  been  produced.  These  must  be  tested  for 
interaction  with  the  medium  in  which  they  operate.  The  next  step  will 
be  the  complete  triaxial  orthogonal  design  early  in  CY  79.  This  project, 
assuming  continued  good  progress,  will  also  be  interfaced  with  the 
telemetry  package.  Oetails  of  the  procedures  and  applications  are 
proprietary  and  may  not  be  publicly  disclosed  until  DA  patent  action  is 
complete. 

H .  Hijjh  Speed  Lnzyme  l.i'.^ctlyation  Jn_  Si  tu  by  Microwave  Energy 
Appl i cat  ion  (P.V.  Brown,  M.P.  Tomanl 

In  the  present  report  period,  the  Microwave  Research  Department 
continued  to  support  the  Mt'dical  Neurosciences  Department  by  further 
refinement  of  the  modified  Varian  microwave  source  used  for  neurochemical 
analysis  in  rats  and  mice.  The  techniques  developed  in  this  department 
are  the  subject  of  a  publication  in  IEEE  Transactions  on  f  Biomedical 
Engineering  which  is  abstracted  below: 

"The  use  of  microwave  energy  to  inactivate  enzymes  by  rapid  heating 
permits  measurement  of  heat  stable  metabolites  with  minimal  postmortem 
artifact.  Reproducible  results,  however,  require  that  the  energy  applied 
(dose)  and  the  exposure  geometry  be  reproducible.  The  commercial  systems 
that  we  have  examined  are  limited  in  this  regard.  A  method  to  achieve  a 
reproducible  dose  by  electronic  control  of  the  applied  power  and  exposure 
time  is  described  The  electronics  are  compatible  with  any  220  volt, 
single  phase  coiuiiercial  microwave  power  source.  Without  electronic 
control,  exposure  time  varies  by  50  milliseconds,  due  to  random  contactor 


closure  time.  Output  power  varies  by  15%,  due  to  tube  aging  and  varia¬ 
tions  in  line  voltage,  magnetron  temperature  and  load  impedance  during 
exposure.  With  the  addition  of  electronic  circuitry,  the  exposure  time 
can  be  controlled  within  3  milliseconds,  and  the  power  within  2%. 

Timing  is  done  by  counting  energy  bursts  from  the  triac  controlled 
magnetron.  Leveling  is  accomplished  using  a  feedback  loop  to  vary  the 
magnetron  magnet  current  to  keep  the  output  power  constant.  The  use  of 
these  electronic  controls  makes  microwave  irradiation  systems  more 
reliable  as  a  biochemical  research  tool." 

In  addition,  the  microwave  support  engineer  has  been  trained  in  the 
maintenance  and  operation  of  the  inactivator.  Also,  an  RFP  was  prepared 
for  the  construction  of  a  higher  powered  and  still  more  closely  con¬ 
trolled  inactivator  with  design  principles  based  upon  our  experience 
with  the  Varian  unit. 

I.  Viral  Penetration 

1 .  S tud i es  0 f  E 1  ^ t romagnetic  Radiation  as  a  Sensor  and  aji 
ETfector  T n  Vi ral  Penetration  of  Primate  Cells  In  Vitro 
TL.E.  Larsen,  J.H.  Jacobi,  Dr.  Bernian,  Dr.  DuBois,  M.P.  Toman) 

This  project  is  a  collaborative  study  with  Drs.  Berman  and  DuBois 
of  the  Department  of  Biologies,  Division  of  Communicable  Disease  and 
Immunology.  The  objective  is  to  explore  the  feasibility  of  using  low 
power  electromagnetic  radiation  to  detect  transmembrane  transport  of 
viral  particles  and  to  explore  the  feasibility  of  altering  this  pene¬ 
tration  process  with  such  radiation  at  higher  field  strengths.  In 
addition,  virus  virulence  may  be  affected  by  contiguous  or  prior  exposure 
to  electromagnetic  radiation.  The  cell  culture  system  then  constitutes 
a  biological  amplifier  of  the  effect  to  the  extent  that  changes  in  viral 
multiplication  will  be  mirrored  by  changes  in  culture  plaguing.  The 
project  has  proceeded  to  the  step  of  designing  an  exposure  apparatus 
which  may  be  used  with  the  biological  system  under  study  (cultured 
primate  renal  cells  infected  with  denge  virus),  the  measurement/calcula¬ 
tion  of  field  distributions  in  the  chamber  and  measurement  of  temperature 
elevation  in  the  culture  medium.  The  project  also  required  development 
of  impedance  transformation  networks.  These  prevent  further  damage  to 
the  only  100  watt  HF  band  power  amplifier  in  the  department.  The  delay 
occasioned  by  such  damage  prior  to  development  of  the  networks  prompted 
also  the  purchase  of  a  back-up  10  watt  amplifier  (now  over  6  months  late 
in  del ivery). 

We  hope  to  overcome  these  pesty  pragmatic  problems  and  test  the 
biological  concepts  by  late  in  CY  78.  The  first  experiments  will  be  at 
essentially  non-thermal izing  field  strengths,  followed  Ity  thermal izing 
field  strengths  and  conventional  thermal  controls. 
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J.  Microwave  Exposure  Quality  Assurance  (M. P.  Toman) 

In  collaboration  with  the  Department  of  Medical  Neurosciences,  our 
department  has  prepared  a  set  of  performance  requirements  for  an  RFQ  to 
construct  a  new  microwave  inactivator  of  thermolabile  enzymes  in  situ. 
This  project  resulted  in  first  round  of  bids,  none  of  which  were  found 
to  be  suitable.  The  package  was  modified  and  new  bids  are  to  be  received 
late  in  CY  78. 

Two  units  were  designed  and  tested  for  use  in  viral  penetration 
studies  in  a  collaborative  study  with  Drs.  Bermand  and  DuBois.  These 
units  employed  predominantly  electric  field  effects  in  one  design  and 
predominantly  magnetic  field  effects  in  the  other  design.  Preliminary 
data  was  collected  concerning  field  strength,  field  patterns,  etc.  prior 
to  delivery  to  Dr.  Berman  late  in  the  present  report  period. 

A  temperature  regulator  was  designed,  built  and  tested  for  use  with 
the  parallel  plate  waveguide  exposure  system  used  for  red  blood  cell 
permeability  alterations  due  to  electromagnetic  radiation. 

A  revised  and  calculator  based  rather  than  computer  based  program 
for  chamber  calibration  was  developed. 

Electronic  Support  (M.E.T.  Swinnen) 

An  ultra-precise,  linear  voltage  ramp,  line  driver  and  synchronous 
trigger  pulse  package  was  designed,  constructed  and  tested  to  serve  as 
input  to  the  voltage  controlled  oscillator  of  the  swept  microwave  source 
for  the  time  delay  spectrometer  (TDS).  The  quality  of  this  drive  was 
sufficiently  improved  over  cottmerically  available  signal  generators  that 
the  spectral  content  of  the  TDS  output  more  nearly  approached  mono¬ 
chromaticity,  thereby  improving  differential  propagation  delay  measure¬ 
ments. 

A  digital  interface  and  buffer  was  designed,  constructed  and  tested 
for  the  optical  position  encoders  of  the  DART  scanner.  This  project  was 
necessary  to  allow  completed  computer  control  of  the  DART  scanner  under 
closed  loop  conditions. 

Also,  a  3-D  isometric,  graphic  display  for  DART  imagery  data  was 
designed  anc  constructed.  This  display  will  be  interfaced  to  the  main 
processor/  controller  to  provide  real  time  isometric  display  of  the  data 
with  real  time  (hardware)  multipliers  for  rotation  of  perspective, 
interactive  depth  cueing  by  intensity  modulation,  and  hardware  maqnifi- 
cation/minification.  This  display  will  represent  ra.  $6-7K  in  parts 
cost  -  yet  equals  the  major  features  of  systems  costing  ca.  $40-50K. 

In  addition,  a  number  of  smaller  developments  were  undertaken  for 
other  investigators  in  the  Division  of  Neuropsychiatry. 
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I V .  Research  Ac t j v i t i Extramural  Program 

A •  Measurement  of  Complex  Permittivity  of  Biological  Materials 

This  portion  of  the  program  took  over  funding  from  ARO  for  a  project 
to  develop  a  technique  for  in  situ  permittivity  analysis  in  the  range 
100  MHz  to  10  GHz.  This  project  is  based  upon  the  concept  that  the 
impedance  which  represents  the  reflection  coefficient  of  an  antenna  is  a 
function  of  the  complex  permittivity  of  the  medium  into  which  the 
antenna  radiates.  This  technique  will  offer  jji  situ  measurements  which 
are  capable  of  monitoring  physiological  responses  to  microwave  exposure. 
The  project  began  in  the  summer  of  1978  and  has  been  funded  for  two 
years.  Present  plans  call  for  experiments  to  detect  autolysis  in  both 
avascular  and  isolated  organs. 

A  related  project  is  field  analysis  within  arbitrarily  shaped, 
multilayered  dielectrics  exposed  in  waveguide.  This  project  is  directed 
toward  exploring  the  effect  of  spatially  varying  permittivity  on  the 
uniformity  of  electric  field  induction  in  biological  dielectrics.  One 
practical  application  of  this  technique  will  be  to  provide  analytical 
guidance  for  the  development  of  improved  microwave  techniques  for 
inactivational  th,  > m,  laibile  enzyme  (a  collaborative  jroject  with  Depart¬ 
ment  of  Medical  Neurosciences).  A  new  three  dimensional  field  analysis 
technique  was  developed  under  this  program  which  is  based  on  the  tensor 
Green's  function.  This  analysis  method  was  described  in  a  publication 
in  IEEE  Transaction  on  Microwave  Theory  and  Techniques. 

The  analytical  results  were  subjected  to  intramural  experimental 
verification  by  thermography  of  split  block  dielectric  samples  exposed 
in  waveguide  WR  284  at  2450  MHz.  In  the  process,  we  discovered  a 
discrepancy  due  to  non-dominant  modes.  Recent  recalculation  of  the 
interior  fields  failed  to  resolve  the  discrepancy.  At  this  point,  the 
project  has  already  received  three  extensions,  two  at  no  cost.  Further 
decisions  await  still  another  extension  to  explore  higher  order  mode 
effects. 

B ■  MIC  Electrode  Telemetry  f J c ka^.? 

A  project  plan  has  been  developed  and  a  contract  was  let  via  the 
RFQ  mechanism  for  development  of  a  telemetry  package  which  can  operate 
in  microwave  and  UHF  fields.  The  RFQ  included  miniaturization  and 
micropower  operation  of  the  temperature  encoding  electronics  described 
in  the  1977  Annual  Report.  Details  of  the  telemetry  design  are  pro¬ 
prietary  and  may  not  be  publicly  disclosed  until  patent  action  is 
complete. 
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Description 

Studies  are  directed  toward  definition  of  the  physiological  effects 
upon  the  human  of  blast  overpressure  generated  by  firing  Army 
weapons  systems.  Specific  areas  requiring  investigation  include: 

(1)  the  physical  characteristics  of  the  pressure  wave  responsible 
for  injury;  (2)  the  interaction  between  the  blast  wave  and  suscepti¬ 
ble  organs;  (3)  the  threshold  for  injury  of  the  various  organ  systems; 
and  (4)  potential  means  of  prophylaxis  and  treatment  of  blast  over¬ 
pressure  injury.  In  order  to  assess  the  potential  of  impulse  noise 
to  cause  auditory  and/or  non-auditory  injury,  the  impulse  levels 
(overpressure  levels)  must  be  accurately  recorded  and  analyzed  and 
the  results  applied  to  MIL-STD  1474A  (MI)  to  determine  acceptable 
exposure  limits.  The  instrumentation  and  methodology  employed  in 
making  pressure  measurements  must  be  continually  examined  and  if 
necessary  modified  to  insure  that  all  data  essential  to  accurate 
health  hazard  assessment  is  available. 

Progress 

1.  Background  Information 

Before  discussing  the  state-of-the-art  for  auditory  injury, 
certain  terms  must  be  precisely  defined.  Pressure  levels  are 
quantitated  on  two  scales  -  either  the  PS I  (pounds  per  square  inch) 
scale  which  is  linear,  or  the  d6  (decibel)  scale,  which  is  a 
logarithmic  function  of  the  PSI.  It  is  of  utmost  importance  to 
recognize  that  at  pressures  over  180  dB,  the  PSI  scale  increases 
rapidly  relative  to  the  dB  scale.  As  an  example,  180  dB  corresponds 
to  2.8  PSI,  and  183  dB  to  4.2  PSI.  An  increase  of  only  1  dB  may 
represent  a  significant  pressure  rise.  The  graphic  representation 
of  the  peak  pressure  as  a  function  of  time  is  referred  to  as  a  time 
history.  The  peak  pressure  is  the  maximal  pressure  reached,  the 
A-duration  is  the  length  of  the  initial  pressure  deflection,  and  the 
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B-duration  the  length  of  time  until  all  pressure  fluctuations  cease. 
The  frequency  content  is  obtained  by  a  Fourrier  transformation  of 
the  time  history,  and  reflects  the  relative  energy  contributions  of 
various  frequencies.  Blast  overpressure  and  impulse  noise  are 
identical  terms. 

A  general  statement  may  be  made  about  noise-induced  hearing  loss. 
Noise  will  cause  hearing  loss  even  at  levels  which  will  not  cause 
eardrum  rupture;  adequate  hearing  protection  will  prevent  this. 

What  remains  to  be  determined  is  the  maximum  noise  levels  for  which 
adequate  hearing  protection  can  be  provided.  Single  hearing  protec¬ 
tion  consists  of  either  an  ear  plug  or  an  ear  muff;  double  hearing 
protection  consists  of  both  modalities  used  together.  Single 
protection  provides  about  25  dB  noise  attenuation  at  high  frequen¬ 
cies;  addition  of  the  second  modality  provides  an  additional  5  dB 
attenuation  for  a  total  noise  reduction  of  30  dB.  Both  types  of 
protectors  are  much  less  effective  in  attenuating  low  frequency 
noise;  it  is  currently  unresolved  whether  or  not  low  frequency  noise 
can  induce  high  frequency  hearing  loss.  The  DH178  helmet  is  an 
"active  muff."  This  is  an  ear  muff  modified  by  the  addition  of 
electronic  circuitry  such  that  it  transmits  and  amplifies  speech, 
but  "cuts  off"  impulse  noise.  In  itself  it  provides  only  single 
hearing  protection;  it  must  be  used  with  ear  plugs  to  provide  double 
protection. 

The  current  state-of-the-art  document  for  use  in  estimating  safe 
levels  of  noise  exposure  is  the  MIL-STD  1474A  (MI)  dated  March  1975 
(1).  This  document  contains  a  damage  risk  criterion  (DRC)  for 
impulse  noise  which  means  that  it  attempts  to  assign  a  specific  risk 
of  injury  for  a  given  exposure.  Once  a  particular  blast  wave  is 
characterized  by  its  peak  pressure  and  B-duration,  the  position  on 
the  DRC  may  be  determined  and  thus  allowable  exposures  per  24  hours 
calculated.  The  "Z"  line  represents  the  maximum  exposure  level  - 
even  single  exposures  above  this  line  are  not  permitted  because 
hearing  protection  has  not  been  demonstrated  to  be  adequate  at  these 
levels  and  because  of  the  possibility  of  non-auditory  injury. 
Exposures  under  the  "Z"  line  are  permitted  with  double  hearing 
protection;  this  limitation  should  protect  95%  of  individuals  from 
incurring  significant  hearing  loss.  This  DRC  is  derived  directly 
from  a  CHABA  (Committee  on  Hearing  and  Bioaccoustics  of  the  National 
Academy  of  Science  -  Natior.ol  Research  Council)  criterion  published 
in  1968  (2).  This  criterion  is  based  chiefly  on  empirical  data  from 
small  arms  fire  and  contains  a  number  of  clearly  stated  assumptions 
which  have  never  been  validated.  These  assumptions  involve  such 
important  issues  as  the  relationship  between  temporary  (TTS)  and 
permanent  (PTS)  hearing  decrement  and  the  manner  in  which  it  is 
measured,  the  way  B-duration  is  defined,  and  that  peak  pressure  and 
B-duration  are  the  only  important  variables  in  determining  injury. 


Thus  the  MIL-STD  is  not  the  ultimate  DRC  for  noise- induced  injury, 
but  it  does  represent  the  best  existing  document. 

Canadian  and  British  DRCs  are  also  derived  from  the  CHABA 
criterion,  but  are  constructed  such  as  to  protect  only  7S%  of 
exposed  individuals.  Hence  they  are  less  restrictive  than  the 
MIL-STD.  The  German  DRC,  promulgated  by  Prof.  Pfander,  does 
represent  a  significant  departure  from  the  MIL-STD  (3).  It  is 
supported  by  a  substantial  body  of  data  collected  during  actual 
troop  exposure.  A  different  definition  of  the  time  component  is 
utilized  as  is  a  different  approach  to  measuring  temporary  decrement. 
This  DRC  is  more  restrictive  than  the  MIL-STD  in  certain  situations, 
and  less  restrictive  in  others.  A  detailed  comparison  of  the  two  is 
not  possible  with  current  data. 

2.  Requirements 

There  are  two  basic  requirements  which  the  auditory  portion  of 
the  Blast  Overpressure  Program  must  address:  (1)  the  accurate  and 
reliable  measurement  of  the  pressure  wave;  and  (2)  the  demonstration 
of  the  adequacy  of  hearing  protection.  At  present,  measurement  of 
pressure  waves  is  neither  accurate  nor  reliable.  Disagreement  exists 
between  USAARL  and  TECOM  over  the  accuracy  of  overpressure  measure¬ 
ments.  Differences  exist  in  the  type  of  instrumentation  utilized, 
the  methods  of  calibration,  and  the  procedure  for  data  reduction. 
Demonstration  of  the  adequacy  of  hearing  protection  will  require  the 
exposure  of  human  subjects  wearing  hearing  protection  to  gradually 
increasing  pressure  levels  and  careful  monitoring  to  prevent  excess 
temporary  hearing  decrements.  Such  data  will  be  required  to  either 
validate  the  existing  MIL-STD  or  to  develop  a  more  effective  DRC. 

3.  Review  of  the  Current  Status  of  the  Blast  Overpressure  Program 

The  auditory  portion  of  this  program  is  centered  at  USAARL, 
located  at  Ft.  Rucker,  Ala.  Efforts  have  been  primarily  directed 
at  field  measurements  of  overpressures  during  M198  and  MHO  firings, 
bench  testing  of  the  DH  178  helmet,  and  preparation  for  a  human 
volunteer  study  designed  to  test  the  double  hearing  protection 
concept. 

Field  measurements  were  made  during  the  M198  firing  at  Yuma 
Proving  Ground  in  April  1977  and  during  the  MHO  firing  at 
Aberdeen  Proving  Ground  in  December  1977.  Time  histories  were 
recorded  at  various  crew  positions  for  several  weapon  orientations 
and  with  the  various  charges.  The  time  histories  were  then  analyzed 
to  determine  peak  pressures  and  B-durations  and  in  some  instances 
frequency  contents.  This  data  was  then  applied  to  the  MIL-STD  to 
derive  those  safety  recommendations  which  will  be  discussed  subse- 
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quently. 


The  DH  178  has  undergone  extensive  bench  testing  to  determine 
its  performance  as  a  passive  noise  attenuator  (muff)  and  as  an 
active  circuit  capable  of  transmitting  and  amplifying  speech  (4). 

The  prototype  helmet  was  demonstrated  to  offer  good  attenuation 
but  to  produce  significant  distortion  of  speech.  As  a  result,  of 
this  testing  and  continuing  interaction  with  Gentex  (the  DH  178 
manufacturer),  several  modifications  have  been  made  in  the  electro¬ 
nics  such  that  the  DH  178  supplied  for  the  Ml 98  FOE  offers  both  good 
noise  attenuation  and  good  speech  transmission  without  distortion. 

Evaluation  of  the  overpressure  data  has  pointed  out  several 
possible  "shortcomings"  in  the  methods  of  data  collection.  The 
transducers  used  for  pressure  recording  are  oriented  in  a  "grazing" 
incidence  (at  right  angles  to  the  wave  front);  this  orientation 
provides  an  accurate  recording  of  the  static  component  of  pressure, 
but  fails  to  record  any  dynamic  component  which  the  pressure  wave 
may  possess.  The  static  component  of  pressure  is  that  component 
which  is  the  same  in  all  directions;  the  dynamic  component  is  pro¬ 
duced  by  air  moving  with  the  wave  front,  and  thus  has  direction. 
Animal  studies  which  will  be  described  subsequently  have  suggested 
that  dynamic  pressure  may  be  important  in  producing  lung  injury,  and 
yet  the  relative  contribution  of  dynamic  pressure  to  the  total 
pressure  in  crew  positions  has  not  been  measured.  The  methodology 
for  measurement  of  dynamic  pressure  is  presently  being  verified  at 
USAARL  using  the  small  blast  tube  located  there.  It  appears  that 
by  simultaneously  recording  with  transducers  oriented  in  both 
grazing  and  normal  (directed  toward  the  blast  source)  incidences  the 
difference  between  the  static  pressure  as  recorded  in  grazing 
incidences  and  the  pressure  recorded  in  normal  incidences  represents 
the  dynamic  pressure. 

MIL-STD  1474  currently  specifies  that  pressure  recordings  be 
taken  at  approximate  head  location  from  the  ground  in  positions 
where  operators  will  stand.  Since  the  chest  is  obviously  located 
at  a  significantly  lower  level,  and  since  the  crewmen  often  crouch 
down  during  firing,  the  pressure  to  which  the  chest  is  exposed  may 
be  substantially  higher  than  that  pressure  actually  recorded.  Thus 
it  is  critical  to  determine  pressure  variation  as  a  function  of 
height  above  the  ground  in  the  various  operator  positions.  Such  a 
three  dimensional  pressure  map  is  referred  to  as  a  pressure  contour 
map.  Measurement  of  static  and  dynamic  pressures  and  pressure 
contours  will  be  made  for  the  M198  in  the  near  future. 

The  major  USAARL  time  committment  during  the  past  year  has  been 
directed  toward  a  human  volunteer  study  which  would  demonstrate  the 
upper  limits  of  overpressure  for  which  double  hearing  protection  is 


adequate  to  prevent  excess  temporary  hearing  decrement  in  95%  of 
exposed  individuals.  This  is  accomplished  by  exposing  subjects 
with  initial  normal  hearing  to  gradually  increasing  overpressure 
levels  and  carefully  monitoring  these  subjects  audiometrically 
and  adding  hearing  protection  as  required  until  excess  temporary 
decrement  occurs  in  subjects  with  double  protection.  Blast  waves 
were  to  be  simulated  utilizing  the  blast  tube  facilities  of  the 
Lovelace  Foundation.  Since  all  changes  in  hearing  acuity  are 
temporary,  no  permanent  hearing  loss  will  occur  in  this  study.  A 
contract  was  negotiated  with  the  University  of  New  Mexico  School 
of  Medicine  to  provide  volunteer  subjects  and  audiometric  monitor¬ 
ing.  However,  before  the  study  could  be  undertaken,  it  was  necessary 
to  expose  sheep  to  the  blast  wave  to  insure  that  no  injury  to  non- 
auditory  organs  would  occur.  Thus  because  of  the  possibility  of 
lung  injury  in  the  sheep,  this  study  has  been  delayed  until  the 
question  of  injury  in  sheep  can  be  definitively  resolved. 

Several  contracts  have  been  negotiated  to  support  the  auditory 
aspects  of  the  Blast  Overpressure  Program.  That  contract  with 
the  University  of  New  Mexico  to  provide  human  volunteers  has  been 
mentioned.  Jaycor  Corporation  has  been  contracted  to  supplement 
USAARL  in  the  field  measurement  and  subsequent  analysis  of  pressure 
data.  Jaycor  will  initially  assist  USAARL  in  these  tasks,  and 
progressively  take  on  greater  responsibility  as  it  gains  experience. 
Jaycor  will,  in  addition,  perform  a  statistical  analysis  of  the 
actual  Ml 98  generated  blast  wave  and  the  blast  tube  simulated  wave 
to  determine  the  exactness  of  the  simulation.  A  research  proposal 
from  John  Erdreich,  Ph.D. ,  of  the  University  of  Oklahoma  Health 
Sciences  Center  entitled  "Studies  of  Aural  Nonlinearity  and  the 
Mechanisms  of  Auditory  Fatigue"  has  been  funded.  This  investigator 
hopes  to  validate  a  simple  audiometric  procedure  which  will  allow 
prescreening  of  individuals  to  determine  those  unusually  sensitive 
and  resistant  to  noise-induced  hearing  loss. 

In  this  following  section  the  interactions  of  the  Blast  Over¬ 
pressure  Program  with  the  individual  weapon  systems  will  be 
described.  The  major  effort  has  been  directed  toward  M198/M203  due 
to  the  time  constraints  presented  by  the  FOE  now  underway  at  Ft. 
Bragg,  N.C.  USAARL  conducted  extensive  pressure  measurements  of 
the  Ml 98  with  the  M203,  M3A1 ,  and  M4A2  charges  at  Yuma  Proving 
Ground  in  April  1977.  The  final  report  with  full  analysis  and 
interpretation  of  this  data  is  now  in  final  draft  and  will  be 
:;,>b1ished  shortly.  This  data  analysis  demonstrates  that  over- 
r-  '.ures  generated  during  firing  of  the  M203  charge  exceed  the 
It  all  elevations  recorded  -  45,  267,  and  800  mil  -  in 
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lies  for  each  elevation  at  which  the  M203  was  fired.  Pressures 
are  highest  at  45  mil,  somewhat  less  severe  at  800  mil,  and 
considerably  lower  at  267  mil.  Thus  barrel  elevation  is  a  most 
important  parameter  in  determining  peak  pressures,  with  some 
protection  afforded  to  operator  positions  at  267  mil.  The 
reasons  for  such  differences  are  not  immediately  obvious,  but 
reflections  from  such  weapon  appendages  as  the  trails  seem  to  be 
one  factor.  By  plotting  the  peak  pressure  as  a  function  of 
distance  from  the  muzzle  along  any  radial  it  can  be  seen  that  the 
pressure  increases  as  the  wave  crosses  the  weapon  trail,  apparent¬ 
ly  because  of  such  a  reflection  from  the  trail.  This  phenomenon 
is  most  prominent  at  45  mil,  and  is  absent  at  267  mil;  there  is  a 
less  intense  but  definitely  present  reflected  wave  at  800  mil. 

These  contour  maps  indicate  the  complex  nature  of  the  pressure 
field  and  hence  emphasize  the  importance  of  a  detailed  mapping 
of  the  pressure  in  operator  positions,  since  relatively  safer  and 
less  safe  areas  exist  in  close  proximity.  When  potential  reflect¬ 
ing  surfaces  are  present  the  pressure  at  any  given  point  is  no 
longer  a  simple  function  of  distance  from  the  muzzle. 

Utilizing  these  contour  maps  for  the  M203  charge,  it  can  be 
determined  that  the  Z-line  is  located  approximately  20  feet  to 
the  rear  of  the  breech.  Thus  in  order  to  allow  the  Ml 98  FOE  to 
proceed  on  schedule,  a  number  of  recommendations  were  made  such  as 
to  maintain  operator  exposures  within  the  limits  specified  by  the 
MIL-STD  and  hence  to  minimize  if  not  eliminate  all  risk  of  audi¬ 
tory  and  non-auditory  injury  (5).  These  recommendations  have  been 
incorporated  into  the  M198  Operators'  Manual  in  use  during  the  FOE. 
When  firing  the  M203  charge,  double  ear  protection  must  be  worn 
(ear  plugs  and  helmet  with  acoustical  muffs),  a  25  ft.  lanyard 
must  be  used,  no  firing  elevation  less  than  2/0  mil  should  be 
utilized,  the  crew  stand  sideways  to  the  blast,  and  the  firing  be 
limited  to  100  rounds  per  day.  Furthermore,  the  maximum  number 
of  charges  of  other  types  with  single  protection  and  with  double 
protection,  respectively,  is  as  follows:  M3A1  -  251,  and  no  limit; 
M4A2  -  16,  and  160;  M119  -  6,  and  115.  These  restrictions  apply  if 
only  a  single  charge  is  to  fired  during  a  24  hour  period.  In  order 
to  mix  charges  during  a  firing  exercise,  a  point  value  may  be 
assigned  to  each  charge,  and  the  point  values  added  together  until 
a  point  total  of  1000  is  reached  for  any  24  hr.  period  (6).  The 
M203  is  10  points,  the  Ml  19  -  9,  M4A2  -  6,  and  the  M3A1  -  any 
combination  of  charges  may  he  utilized  such  that  the  total  score 
remains  under  1000.  These  recommefidations  are  intended  to  apply 
solely  to  training  situations,  specifically  the  FOE.  It  is  quite 
possible  that  they  will  he  revised  as  more  information  becomes 
available. 

IISAARL  and  TECOM  jointly  i nstruiiK'nted  ,>nd  analyzed  a  Ml  10 
firing  at  APO  in  Oecemher  19/7.  This  exercise  steinned  from  prior 
USAARL  objections  to  certain  TICOM  ovt'rpressun'  data  and  was 


directed  at  resolving  this  controversy.  Analysis  of  the  data 
collected  by  the  two  groups  revealed  that  TECOM  reported  peak 
pressures  lower  than  those  measured  by  USAARL  in  80^6  of  instances; 
B-duration  data  was  split  randomly.  The  etiology  of  this  peak 
pressure  discrepancy  is  still  under  investigation,  but  there  is  a 
definite  problem  with  baseline  stability  in  at  least  one  TECOM  data 
collection  channel.  Unfortunately,  the  USAARL  data  could  not  be 
utilized  to  generate  definitive  firing  guidelines  in  accordance  with 
the  MIL-STD  because  flash  suppressant  was  erroneously  omitted  from 
all  but  the  zone  9  charges.  A  large  number  of  the  time  histories 
revealed  a  secondary  blast  peak  resulting  from  muzzle  flash  which 
was  higher  in  peak  pressure  than  the  initial  peak,  thus  causing  an 
artifactually  high  peak  pressure.  An  USAARL  representative  moni¬ 
tored  the  TECOM  instrumentation  of  a  repeat  MHO  firing  this  time 
with  all  charges  containing  the  flash  suppressant;  the  unstable 
baseline  is  again  present  making  all  final  data  difficult  if  not 
impossible  to  interpret.  A  representative  of  the  Blast  Overpressure 
Program  attended  a  MHO  IPR  dealing  with  the  proposed  ballistic 
shell;  his  recommendation  that  blast  overpressure  protection  be  made 
a  design  criterion  was  not  accepted. 

An  extensive  field  measurement  exercise  with  the  M109/M203  is 
currently  planned,  but  has  been  delayed  until  early  1979  by  diffi¬ 
culties  with  the  M203  charge.  MRDC  review  of  existing  TECOM  data 
with  the  M109/M203  reveals  that  overpressures  in  operator  positions 
are  well  above  the  Z-line. 

4.  Impact  of  the  Blast  Overpressure  Program  Upon  the  Requirements 

As  discussed  earlier,  there  are  two  basic  requirements  for  the 
auditory  portion  of  the  program:  (1)  the  accurate  and  reliable 
measurement  of  the  pressure  wave;  and  (2)  the  demonstration  of  the 
adequacy  of  hearing  protection.  In  order  to  address  the  first 
requirement,  USAARL  is  currently  trying  to  resolve  the  issues  of 
tne  relative  contributions  of  the  static  and  dynamic  components  to 
the  total  pressure  wave  and  of  the  importance  of  microphone  height. 
Measurements  which  will'  provide  the  necessary  information  are 
scheduled  at  Aberdeen  from  29  Nov  -  1  Dec.  Such  information  will 
allow  the  construction  of  appropriate  pressure  contour  maps  to 
predict  the  safer  areas  for  crew  positioning  around  the  M198.  USAARL 
has  also  made  some  early  progress  in  the  demonstration  of  the  adequa¬ 
cy  of  hearing  protection.  Extensive  testing  has  been  done  with  the 
DH178,  resulting  in  substantial  improvements  in  its  electronic 
circuitry  and  providing  an  effective  helmet/hearing  protector  for 
the  M198  FOE.  Preparations  have  been  made  for  the  human  volunteer 
study  to  actually  demonstrate  the  upper  noise  levels  for  which 
double  hearing  protection  is  adequate  to  protect  hearing;  this  study 
will  proceed  as  soon  as  safety  from  non-auditory  injury  can  be 


ensured.  USAARL  is  also  developing  a  basic  research  program 
studying  mechanisms  of  hearing  loss.  The  goal  of  the  entire  USAARL 
program  is  a  methodology  for  predicting  the  attenuation  offered  by 
various  protectors  for  a  given  pressure  wave. 
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